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ABSTRACT

KJ

A cooperative CRC test program was conducted at Failure Analysis
Associates Test Track in Phoenix, Arizona, from September 4 through
October 4, 1985. The program investigated the hot-start driveability
of thirteen 198'-model vehicles with eight hydrocarbon-alcohol blends
ant~wo hydr rbon only gasolines at nominal ambient temperatures of
9MF and 70. The driveability procedure was modified to emphasize
conditions which may cause fuel foaming. Carburetted, throttle-body-
injected (TB!), port-fuel-injected (PFI), and port-fuel-injected
turbocharged fuel systems were represented in the vehicle fleet.
Ambient temperature effects were highly significant for carburetted
and throttle-body-injected vehicle fuel-metering systems and for the
total fleet. Carburetted vehicles were more sensitive to fuel
properties and ambient conditions than fuel-injected vehicles. F1
vehicles consistently gave lower demerits than TBI vehicles. Lo- .
volatility fuels gave significantly better hot-start driveability at--
high temperatures than the high-volatility fuels. It should be noted,
however, that tests of high-volatility fuels at high temperatures
(nominal 90F) were not representative of conditions found with
commercial fuels. The only significant difference due to oxygenate
addition was the poorer performance of carburetted vehicles on low-
volatility-matched gasoline-ethanol and gasoline-methanol:TBA blends.
Vehicle performance was generally poorer on oxygenated fuels than on
hydrocarbon-only fuels.
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I. INTRODUCTION

The use of oxygenates as gasoline blending components has increased
during the past few years, due primarily to their octane benefits. As
a result, the Coordinating Research Council (CRC) has sponsored pro-
grams to study the volatility effects of oxygenated fuels on vehicle
performance. These programs ticluded a vapor lock program at high and
intermediate temperqtures(I and a driveability program at inter-
mediate tempratures". The objectives of the 1985 program were to
determine the effects of hydrocarbon-alcohol blends on hot drive-
ability performance over a wide range of volatilities at nominal
ambient temperatures of 90*F and 700F. Tests were conducted at the
intermediate temperatures (nominally 700F) to assess the effects of
alcohol use over a wide range of temperatures as well as to evaluate
fuel foaming, an over-rich fuel mixture condition.

The program was conducted from September 4 through October 4, 1985, at
Failure Analysis Associates Test Track located in Phoenix, Arizona.
Fuel performance was evaluated using the CRC Hot-Start Driveability
Procedure modified to create test conditions that might produce fuel
foaming. Vehicles were tested on a high- and a low-volatility fuel
series. Each series contained five fuels: one hydrocarbon-only fuel,
two gasoline-ethanol blends, and two gasoline-methanol:t-butyl alcohol
(1:1) blends. The hydrocarbon-alcohol blends all contained 3.5
percent oxygen. Limited testing was also conducted on a high-
volatility fuel containing 5.0 percent oxygen as ethanol.

Appendix A lists the participants of the Data Analysis and the Fuel
Analysis Panels. Appendix B lists the participants of the on-site
test program. Appendix C outlines the proposed program as approved by
the CRC Volatility Group.

,- - - l0
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II. SUIRY

Conclusions based upon results of the program are:

* Ambient temperature effects were highly significant for
carburetted and throttle-body-injected (TBI) vehicle fuel-
metering systems and the total fleet. Temperature effects
were not found to be significant for port-fuel-injected
(PFI) fuel-metering systems.

* Carburetted vehicles were found to be more sensitive to fuel
properties and ambient conditions than fuel-injected
vehicles.

* PFI vehicles gave lower demerits than TBI vehicles for every
comparison made; however, the differences between TBI and
PFI fuel-metering systems were not significant at the 90
percent confidence level.

* Low-volatility fuels gave significantly better hot-start
driveability at the higher temperatures than the high-
volatility fuels. Tests of high-volatility fuels at high
temperatures (nominal 900F), however, were not
representative of conditions found with commercial fuels.
Test fuels were selected to improve the ability to
distinguish effects of the fuel properties.

0 The performance of vehicles was generally poorer on
oxygenated fuels; however, this was not significant at the
90 percent confidence level because of high test variability
and limitations on the testing procedure.

* The only significant difference due to oxygenate addition
was the poorer performance of low-volatility-matched
gasoline-ethanol and gasoline-methanol:TBA (1:1) blends on
carburetted vehicles.

* For carburetted vehicles, no significant differences were
found in driveability performance of ethanol and
methanol:TBA containing fuels.
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* All reported differences are believed to be valid, even
though the specifications of the low-volatility fuels were
not precisely met.

* Although the 0-55 mph wide-open-throttle maneuvers were
added to the driveability procedure to search for fuel
foaming, fuel foaming was not detected during this test
program.

• Analysis of demerits assigned during the 0-55 mph wide-open-
throttle portion of the procedure for sensitive carburetted
vehicles suggests that vapor lock was encountered during
these maneuvers. Such vapor lock responded as expected to
fuel volatility and temperature.

III. TEST VEHICLES

The test fleet consisted of thirteen 1985-model vehicles, described in
Table I. Five of the vehicles were provided by the vehicle manufac-
turers: Ford supplied three, and American Motors and Nissan each
supplied one. The remaining eight vehicles were leased from local
rental agencies or automobile dealerships. Twelve of the vehicles
were passenger cars, and one was a pickup truck. All of the vehicles
had air conditioning and Federal emissions control devices, and all
except the pickup truck were equipped with automatic transmissions.
The emission and fuel systems were not checked.

Fuel tank drain fittings were installed on all but the Ford vehicles
by Failure Analysis Associates; the Fords were received with the tank
drain fittings already installed. The participants installed tank
drain hoses and valves on-site, as well as thermocouples for measuring
fuel temperatures.

All vehicles were equipped with thermocouples to measure tank fuel and
underhood fuel temperatures. Underhood thermocouples were located in
the fuel supply lines just upstream of the carburetors or fuel-
injection systems. In addition, thermocouples were placed in the
carburetors just above the bowl vents in the air horns to detect the
presence of fuel foaming in the vents.

Manifold vacuum gauges and accelerometers were installed for use in
performing various maneuvers in the driving procedures.

i i .. .. .. ;.. .. ... nmmmiw li ~ ~ m ' ' | - 4|
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IV. TEST FUELS

The properties of the test fuels used in this program are shown in
Table 11, with individual participant fuel analyses presented in
Appendix 0. The fuel design for this program specified two fuel sets
at two volatility levels. The test fuels were selected to improve the
ability to distinguish effects of the fuel properties. The low-
volatility fuels (Fuels 1-5) were targeted to meet a Tv/t 7 of 1330F,
a nominal ASTM Class B fuel specification. The high-vXra~flity fuels
(Fuels 6-10) were targeted to meet a T/ 0 of 105°F, a nominal ASTM
Class E fuel specification. Each fuel set contained one hydrocarbon-
only fuel, two gasoline-methanol:TBA (1:1) blends, and two gasoline-
ethanol blends. All hydrocarbon-alcohol blends were blended to
contain 3.5 percent by weight oxygen. Within each set, one gasoline-
methanol:TBA blend and one gasoline-ethanol blend were targeted to
have the same TIO, T30, T50 , and T90 percent evaporation temperatures
and Tj/L as the hydrocarbon-onl-y fuel. For the purposes of this
repor, t se fuels are defined as matched-volatility fuels. The
data in Table II indicate that in some instances, these targets were
not always met.

Difficulties were encountered with Fuels 2 and 4, and it was necessary
to compromise between meeting the Tv/LTJO specification and meeting
the T and T3 specifications. Prf6r y was given to matching the
distA9 ation -emperatures for T10 and T30. The other gasoline-
methanol:TBA and gasol ine-ethanol blends 'were blended to only match
the Tv/L-2 specification. For the purposes of this report, these
fuelsare-Sefined as 'modified-splash" fuels. The complete set of
fuel specifications is shown in the program plan, presented in
Appendix C.

Two additional fuels were blended on-site. Ethanol was added to Fuel
10 to provide Fuel 11, and ethanol was added to Fuel 5 to provide Fuel
12. Both Fuels 11 and 12 contained 5.0 percent by weight oxygen.
Provisions had also been made to cross-blend high- and low-volatility
fuels of like fuel description to provide fuels of intermediate
volatility. So few runs were made on the 5 percent oxygen fuels and
the intermediate-volatility fuels that no analysis was attempted.

Reid vapor pressure (RVP) of each fuel drum used in the program was
checked on-site using an automatic RVP machine. No cases of suspect
drum fuel quality were detected. Fuel samples drawn from the vehicle
fuel tanks at three points during each run were also checked for RVP.
There has been no attempt made to account for fuel tank weathering in
the data analysis. RVP results of the fuel tank samples are included
in the raw data presented in Appendix F.

I
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An alternate method to measure vapor-to-liquid ratio of hydrocarbon-
only fuel and hydrocarbon-alcohol blends by a bomb method may be found
In Appendix E. Attempts to use this method for on-site testing of the
TV/LnJ0 of fuel samples proved to be unsuccessful, because the test
procedure assumed linearity between the IO00F and 130OF test
temperatures. Some of the fuel samples were outside of this bracket,
and subsequent testing by ASTM showed that linearity did not exist
when it was necessary to extrapolate the data. The validity of the
data was thus in question; therefore, no data are presented in this
report.

V. TEST FACILITIES

The test facilities, shown in Figure 1, were located at the Failure
Analysis Associates test track in Phoenix, Arizona. The test course
consisted of:

* a two-mile, newly-paved, limited-access, oval track used for
the test maneuvers and the five-mile stabilization run;

* two local, two-lane, asphalt roads used for the ten-mile
stabilization run;

0 a seven-mile section of interstate expressway used for the
fifteen-mile warmup.

Access to the expressway was approximately one mile away via local
roads.

Temporary soak shelters to accommodate four vehicles, a refrigerated
fuel storage room, and a refrigerated trailer van were located adja-
cent to the track. The roofless soak shelters, twelve feet by twenty-
four feet, and constructed of plywood with plastic end curtains, were
used for both the ten-minute itle soak and the twenty-minute key-off
soak. A building used for office space was also located nearby.
Concrete pits were available to install vehicle tank drains and
thermocouples.

Air temperature was recorded on the data sheets using a dry-bulb
thermometer at the beginning of each test.

On-site fuel vapor pressure (RVP) analysis was performed using an
automatic RVP instrument supplied by Southwest Research Institute.
The fuel samples were stored in the refrigerated fuel storage room
until they were transported to the RYP instrument in an ice-chest.

A refrigerated, controlled-temperature trailer was used for fuel
blending and dispensing. Transfer lines from the fuel drums were
connected to pumps immediately outside the refrigerated trailer.

I! - iI I1
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A portable computer was provided by CRC for on-site data recording.
The on-site data entry was used to facilitate data review by the
participants, as well as data analysis during and after the program.

Testing for vapor-to-liquid ratio of gasoline by the proposed bomb
method was conducted at the General Motors Proving Grounds, located in
Mesa, Arizona.

VI. TEST PROCEDURE

The 1985 CRC Volatility Program used a hot-start and driveaway test
procedure which was modified from previous programs. This procedure
incorporated portions from both the 1975 and the 1982 CRC High-
Temperature Driveability Programs. The procedure also included a test
for carburetor foaming, a longer city-traffic simulation, and perfor-
mance after a refueling stop. The procedure is described in detail in
the program plan, presented in Appendix C. Briefly, it consists of 4
the following:

A. A prescribed warmup cycle

B. Refueling procedure and restart

C. Wide-open-throttle 0-55 mph accelerations, followed by a
five-mile cruise

0. Ten-minute idle soak, followed by part-throttle maneuvers

E. City traffic 0-10 mph and 0-25 mph cycles

F. Constant vacuum acceleration, followed by a ten-mile
stabilization

G. Twenty-minute key-off soak

H. Hot-start, followed by part-throttle accelerations

The entire driveability procedure categorized vehicle malfunctions
according to cranking time, idle quality, hesitation, stumble,
foaming, surge, backfire, and stalls (acceleration and deceleration).
The severity of each malfunction is evaluated as trace, moderate, or
heavy. A sample data sheet is also presented in Appendix C. 4J

4
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VII. TEST DESIGN

The program was designed to test ten fuels and twelve vehicles at two
nominal temperatures of 90*F and 700 F. Replicate runs were also
planned, as time permitted. The fuels were designed to allow blends
of intermediate volatility to be tested.

Due to the daily ambient temperature conditions, only 194 high-
temperature and 75 intermediate-temperature tests were conducted. The
average ambient temperature for the high-temperature phase of the
program was 91.70F; the average ambient temperature for the
intermediate-temperature phase was 73.9*F. A summary of the raw data
is presented in Appendix F. A sample computer sheet shows where
within the test cycle thermocouple temperatures were recorded and fuel
samples taken for determination of RVP.

The on-site vehicle testing was conducted using four test crews of
three people each: a rater, an observer, and a warm-up driver. Each
test crew was initially assigned to test three vehicles chosen at
random. At the end of the second day of testing, vehicles were reas-
signed to each crew on the basis of vehicle performance severity.
These vehicle reassignments were minimal and generally resulted in all
test crews testing at least one critically performing vehicle. These
vehicles were defined to establish a priority for replicate testing;
i.e., replicates would be run first on the critically performing
vehicles. The program was designed for each test crew to perform five
tests per day; however, due to ambient temperature conditions, the
test crews were not always able to meet this target.

Tests were conducted at the nominal temperature of 700F, primarily to
assess the effects of alcohol use over a wide range of temperatures as
well as to better define conditions which lead to fuel foaming; i.e.,
an over-rich fuel condition in the fuel delivery system. Of the
results reported for the seventy-five intermediate-temperature tests,
no instances of fuel foaming were detected. A lack of high ambient
temperature days limited the ability to completely define the
driveability of the critical vehicles with the use of various cross
blends.

II



VIII. DISCUSSION OF RESULTS

A. Introduction

Average TWO's are presented in Table III for twelve of the thir-
teen vehicles and ten of the twelve fuels tested at high tempera-
tures. Similar data are shown in Table IV for the fuels tested
at intermediate temperatures. The vehicles are subdivided into
three fuel-delivery systems: carburetted, throttle-body-injected
(TBI), and port-injected (PFI). Vehicle 12 was not obtained
until late in the program; thus, there was not sufficient time to
test it with all fuels. Vehicle 12 was, therefore, not included
in the data analysis. Only Fuels 6, 8, 9, and 10 were used for
the intermediate-temperature analysis because the majority of the
other fuels were not tested in all twelve vehicles.

B. Method of Analysis - Analysis of Variance

Analysis showed that the TWD data are not normally distributed.
It was found that the square root of the TWD's is more normally
distributed, as is the distribution of errors for the square root
of the TWD's. The square root of the TWD's was, therefore, used
for all tests of significant effects.

At high temperatures, the significant effects were determined by
performing analysis of variance using all of the data for the
twelve vehicles and ten fuels, including the replicate data. At
intermediate temperatures, the significant effects were deter-
mined by performing analysis of variance using all of the data
for the twelve vehicles and four fuels (Fuels 6, 8, 9, and 10)
tested. Because no data were obtained for Vehicle 9 on Fuel 9 at
intermediate temperatures, the TWD's and test temperature for
this combination were estimated as 45 and 74°F, respectively, for
analysis purposes.

Te analysis methods and data sets used in much of the data
analysis are described in detail in Appendix G for each analysis
performP Tho PROC GLM program available from Statistical
Analysis bystem (SAS)(3 "4) was used to analyze the data. The
following sections discuss the significant effects, greater than
or equal to 90 percent confidence, that were found.
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C. Volatility Level

The effect of volatility on hot-start and driveaway driveability
performance at high-temperature conditions is shown in Figure 2.
As shown, the low-volatility fuels had significantly better
driveability performance than the high-volatility fuels. It
should be noted, however, that tests of high-volatility fuels at
high temperatures (nominal 90°F) were not representative of con-
ditions found with commercial fuels.

The volatility effect at intermediate temperatures was not
determined due to the incomplete block of data.

D. Oxygenate Type

Hydrocarbon-only fuel was compared with gasoline-ethanol blends
and gasoline-methanol:TBA blends in three distinct categories -
(I) low-volatility fuels at high-temperature conditions, (2)
high-volatility fuels at high-temperature conditions, and (3)
high-volatility fuels at intermediate temperature conditions.
For each of these three categories, data were analyzed for the
total fleet and by fuel system type: carburetted, port-fuel-
injected (PFI), and throttle-body-injected (TBI). Results are
tabulated in Table V.

For low-volatility fuels at high temperatures, carburetted
vehicles had poorer driveability on the hydrocarbon-alcohol
blends than on the hydrocarbon-only fuel, and both alcohol types
had approximately the same driveability. There was no signifi-
cant difference in the driveability performance of fuels in PFI
or TBI vehicles. The significantly poorer driveability perfor-
mance of the total fleet on the hydrocarbon-alcohol blends was
due mainly to the performance of the carburetted vehicles.

For high-volatility fuels at high-temperature conditions, there
were no significant differences in driveability performance for
any of the hydrocarbon-alcohol blends in the fleet or in any of
the various fuel system subsets. The high average demerits for
the total fleet on all fuels was due to the Influence of the car-
buretted vehicles.

For high-volatility fuels at intermediate-temperature conditions,
the only significant difference was between the hydrocarbon-only
fuel and the gasoline-ethanol blend for the total fleet. A
rigorous comparison cannot be made with the gasoline-methanol:TBA
blend because of an incomplete block of data.
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E. Fuel Delivery System Effects

Driveability performance was evaluated as a function of fuel
system type in three categories: (1) low-volatility fuels at
high temperatures; (2) high-volatility fuels at high tempera-
tures; and (3) high-volatility fuels at intermediate tempera-
tures. Results are shown in Table VI as carburetted versus fuel-
injected vehicles and TBI versus PFI vehicles. As expected for
all three categories, PFI vehicles gave statistically better
driveability performance than TBI vehicles, and both had statis-
tically better performance when compared to the carburetted
vehicles.

F. Fuel Foaming

The test procedure specified various maneuvers which were used to
evaluate vehicles for fuel foaming. Fuel foaming is defined as
the formation of foam or bubbles in the fuel delivery system and
carburetor. The result is a fuel-rich power loss (fuel foaming)
that is very similar to a fuel-lean power loss (vapor lock) in
vehicle performance. Even trained raters cannot distinguish the
difference without some instrumentation. Under fuel foaming
conditions, fuel is released through the internal bowl vent. For
this reason, a thermocouple was placed in the space above the
carburetor bowl vent to indicate when foaming did occur. A
decrease in temperature is observed when foaming occurs. The
temperature decrease is caused by fuel evaporation from the
thermocouple. This defines a fuel-rich malfunction rather than a
lean malfunction.

In this test program, there were no recorded instances of foaming
on any of the test vehicles.

G. Volatility Adjustment Effects

Modified-splash blends were compared to matched-volatility blends
to see if the type of volatility adjustment affected driveability
performance. Fuels were compared in three categories: (1) low-
volatility fuels at high-temperature conditions; (2) high-
volatility fuels at high-temperature conditions; and (3) high-
volatility fuels at intermediate-temperature conditions. For
each of these three categories, data were analyzed for the total
fleet and by fuel system type: carburetted; port-fuel-Injected
(PFI); and throttle-body-injected (TBI). Results of analyses are
shown in Table VII. Of all the differences shown in the table,
only one was judged significant. That occurred in the high-
volatility, high-temperature fleet matched-volatility blends.



H. Fuel Comparisons

The following comparisons were made for each volatility series at
high- and intermediate-temperature conditions: (1) hydrocarbon-
only fuel versus each hydrocarbon-alcohol blend (four compari-
sons); (2) matched-volatility alcohol blend versus modified-
splash alcohol blend (two comparisons, one each for gasoline-
ethanol blends and gasoline-methanol.TBA blends); (3) matched-
volatility gasoline-methanol:TBA blend versus matched-volatility
gasoline-ethanol blend; and (4) modified-splash gasoline-
methanol:TBA blend versus modified-splash gasoline-ethanol blend.
Results are shown in Table VIII and summarized below.

Low-volatility fuels at high-temperature conditions:

0 For carburetted vehicles, the matched-volatility gasoline-
methanol:TBA blend (Fuel 2) and the matched-volatility
gasoline-ethanol blend (Fuel 4) performed significantly
poorer than the hydrocarbon-only fuel (Fuel 1). Although
the difference between the matched-volatility gasoline-
ethanol blend (Fuel 4) and the hydrocarbon-only fuel (Fuel
1) is shown to be significant for the total fleet, it should
be noted that this result is due to the overwhelming effect
of five of the six carburetted vehicles.

e The modified-splash gasoline-methanol:TBA blend (Fuel 3)
also showed poorer driveability performance than the
hydrocarbon-only fuel (Fuel 1), but the result was not
significant.

* No significant differences in driveability performance were
noted for any of the comparisons in PFI or TBI vehicles,
when PFI and TBI vehicles were considered as separate
categories.

High-volatility fuels at high-temperature conditions:

e Comparisons for PFI vehicles showed that hydrocarbon-only
fuel (Fuel 6) had significantly better driveability
performance than the matched-volatility gasoline-ethanol
blend (Fuel 9).

0 No significant differences in driveability performance were
noted for comparisons with carburetted and TBI vehicles, and
the total fleet.

High-volatility fuels at intermediate-temperature conditions:

* No significant differences in driveability performance were
noted for any of the comparisons in carburetted, TBI, and
PFI vehicles, or for the total fleet.
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1. Sensitive Carburetted Vehicles

References to Table III and average TWD values in Table VIII
indicate that performance of the carburetted vehicles is poorer
than either PFI or TB! vehicles, and that any appreciable
difference among fuels is the result of differences in
performance observed in five of the six carburetted vehicles
(Vehicle 10 performed relatively well). In these vehicles, many
of the demerits were accumulated during the three wide-open-
throttle (WOT), 0-55 mile-per-hour accelerations immediately
after refueling. These high fuel-demand-rate maneuvers are very
likely to suffer driveability malfunctions due to vapor locking
conditions. In order to account for the degree to which vapor
lock incidence might have influenced demerit totals, and to
determine the extent to which the lower-than-specification -

TV/L;20 values of the matched-volatility hydrocarbon-alcohol
blnds at the low-volatility level (Fuels 2 and 4) may have
contributed to the poorer performance of these fuels, averages
were recomputed for four sensitive carburetted vehicles.
(Vehicle 10 was deleted because performance of this car was
relatively good, and Vehicle 3 was deleted because it had an in-
tank fuel pump not suspected of being prone to vapor lock fuel
delivery problems.)

Table IX shows the four-vehicle average (Vehicles 1, 4, 7, and
11) TWO at high and intermediate temperatures for each of the ten
fuels from Tables III and IV. Also shown are the average WOT TWO
values for the five 0-55 WOT maneuvers included in the driving
schedule that might be prone to vapor lock incidence. The dif-
ference in these two values (or "net TWD") shown are the average
demerits accumulated during the lower fuel-demand portion of the
traffic driveaway portion of the driving schedule. The values
for the high-temperature portion of the program are plotted as a
function of the front-end volatility of each of the fuels as
expressed by TV/L-20 in Figure 3.

The upper portion of the figure indicates the observed TWD.
Lines have been drawn between each of the five fuel pairs of low
and high volatility of like-fuel description; i.e., Fuels 1 and 6
are the hydrocarbon-only fuels. Each of the lines indicates a
fair slope and, therefore, response of TWD to front-end
volatility. On this basis, it would seem that the higher TWD
values noted for the matched-volatility hydrocarbon-alcohol
blends (Fuels 2 and 4) at the low-volatility level could be due
in large part to the failure of these two fuels to achieve the
specified TV/L,20 value of 1330F.
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Included in the TWD are demerits that were accumulated in five 0-
55 MPH, WOT maneuvers in the driving schedule. These high fuel-
demand-rate maneuvers, particularly the three accelerations
immediately following the refueling, are susceptible to vapor
locking problems. Shown in the lower portion of Figure 3 are
the average TWD accumulated on each fuel during the WOT maneuvers
as a function of TV/ A single line appears to represent the
data fairly well; MI is not surprising that T%-1 20 provides
a good fit to the data, nor is it surprising that -apor lock may
occur using fuels with TV/L=20 of 105OF in carburetted cars at
90°F test conditions.

The middle section of Figure 3 shows the Net TWD (TWD minus WOT
TWD) which represents the demerits accumulated during the lower
speed traffic maneuvers of the driving cycle. Again, lines have
been drawn between the low-volatility and high-volatility fuel of
each fuel pair. The slopes of three of the five curves indicate
very minor, if any, dependence of Net TWD on T , and no
reason to believe that the higher Net TWD values aVs4oWted with
the matched-volatility hydrocarbon-alcohol blends (Fuels 2 and 4)
in the low-volatility fuels are associated with their lower
TL=2? values. Also, since the matched-volatility hydrocarbon-
alcoho blends (Fuels 2 and 4) were generally lower in mid-range
volatility than the modified-splash hydrocarbon-alcohol blends
(Fuels 3 and 5), there is no reason to suspect that fuel vola-
tility has more than minor effects on Net TWD, leaving the higher
demerit levels of the matched-volatility hydrocarbon-alcohol
blends (Fuels 2 and 4) unexplained.

For continuity, Figure 4 displays the demerit sources for the
intermediate-temperature data. Again, the Net TWD line, which
can only be drawn for the hydrocarbon-only category (Fuels 1 and
6), shows very little dependence on TVL,20, and the hydrocarbon-
alcohol blend demerit levels are very s Olar to the hydrocarbon-
only fuel.

Although these data are for four sensitive vehicles, and
responses in driveability performance of these vehicles to fuel
changes greatly influence the all-carburetted and fleet average
values, data are very limited. Most of the data shown represent
a single run in each vehicle with each fuel; therefore, care
should be taken in drawing conclusions from this data subset.
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J. Malfunction

The percentage of total weighted demerits for each driving cycle
malfunction is tabulated in Tables X and XI for high-temperature
and intermediate-temperature testing, respectively. For the
high-temperature testing, hesitations and stumbles accounted for
62 percent of the demerits. Nineteen percent of the TWD's were
driving stalls, and the remaining nineteen percent were distri-
buted among the other driving malfunctions. For the four fuels
used in the intermediate-temperature analyses, 45 percent of the
TWO's were stumbles. The other 55 percent were from idle
roughness and stalls, hesitations, surges, and driving stalls.

K. Temperature Effects

The program was designed to measure ambient temperature and fuel
tank temperatures at four intervals during the test cycle for
each test run. Table XII shows the average demerits, ambient
temperature, and average fuel tank temperatures for Fuels 6, 8,
9, and 10. These fuels were the only fuels tested at both tem-
peratures. The relationship between demerits and ambient or tank
temperatures is shown to be about three demerits per *F in Table
XII. This agrees with a value of 2.95 demerits per OF calcu-
lated from a regression analysis of demerits versus ambient
temperature using individual data points. No attempt was made to
adjust demerits based upon temperatures in the preceding
analyses.
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TABLE I

TEST FLEET

Displacement,
Manufacturer Model liters Fuel System

American Motors Alliance 1.7 Throttle-Body
Injected

Chrysler Reliant 2.2 Carburetted

Chrysler New Yorker 2.2 Port-Injected
Turbo

Ford LTD Wagon 3.8 Carburetted

Ford Ranger 2.3 Port-Injected
EFI

Ford Tempo 2.3 Throttle-Body
Injected

General Motors Buick Century 3.0 Carburetted

General Motors Skylark 2.8 Carburetted

General Motors Camaro 5.0 Carburetted

General Motors Skylark 2.5 Throttle-Body
Injected

General Motors Buick Park Avenue 3.8 Port-Injected

Toyota Supra 2.8 Port-Injected

Nissan Pulsar 1.6 Carburetted

All vehicles were from the 1985 model-year with air conditioning and
automatic transmission, except the Ford Ranger which had a manual
transmission.
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TABLE III

SUhIWRY OF HIGH-TERAIURE DRIVEABILITY PERFOMWCE

TOTAL MEIGITED DEIERITS*

HC** MV MSM* MVE** MSE** HC** MVM** MSM** MVE** MSE**
Vehicle Fuel Fuel Fuel Fuel Fuel Fuel Fuel Fuel Fuel Fuel
Number 1 2 3 4 5 6 7 8 9 10 Av.

Carburetor

1 16 106 104 82 41 200 232 211 205 176 137
3 34 44 49 71 40 348 201 167 338 149 144
4 91 103 104 103 64 150 237 230 162 187 143
7 130 161 106 213 177 142 139 221 164 118 157
10 0 20 44 4 20 28 5 30 45 23 22
11 45 152 20 132 36 113 156 48 152 70 92

Average 52 98 71 101 63 163 162 151 178 120 116

TBI

2 0 0 0 12 1 8 27 5 2 10 6
8 10 9 27 0 33 39 27 13 25 62 25
9 42 37 30 85 34 69 126 82 110 77 69

Average 17 15 19 32 22 39 60 33 46 50 33

PFI

5 13 8 7 12 42 0 61 11 33 92 28
6 3 1 0 8 0 10 4 14 7 3 5

13 0 0 0 0 0 0 0 0 16 0 2

Average 5 3 2 7 14 3 22 8 19 32 12

12-Vehicle
Average 32 53 41 60 40 92 101 86 105 80 69

Data in some instances may represent the average of replicate tests.
** HC - Hydrocarbon-Only fuel
MYM - Matched-Volatility Gasoline-Methanol:TBA Blend
MSM - Modified-Splash Gasoline-Methanol:TBA Blend
MVE - Matched-Volatility Gasoline-Ethanol Blend
MSE - Modified-Splash Gasoline-Ethanol Blend
(_) - Indicates demerits are statistically different from hydrocarbon-only fuel

demerits at the 90% confidence level.
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TABLE IV

S W'RY OF INTE--DIATE-TENPERATURE DRIVEABILITY PERFORNPECE

TOTAL WEIGHTED DEMERITS*

HC** MVM** MSM* MVE** MSE** HC** MM** MS ** MVE** MSE**

Vehicle Fuel Fuel Fuel Fuel Fuel Fuel Fuel Fuel Fuel Fuel

Number 1 2 -3 4 5 6 7 8 9 10 Avg.**

Carburetor

1 7 - - - 0 154 207 98 61 150 116

3 71 - - - - 176 - 49 97 94 104

4 54 - - - 0 42 200 21 38 83 46

7 18 - - - - 32 - 20 8 0 15

10 4 - - - - 12 30 19 28 13 18

11 113 - - - - 117 - 91 154 41 101

Average 44 - - - 0 89 146 50 64 64 67

TBI

2 ..... 0 3 1 8 0 2

8 . . . . 16 8 56 15 8)+ 12 11

9 .- 110 24 25 (45 25 51

Average - - 39 28 14 20 12 21

PFI

5 - - - 0 19 0 6 10 4

6 4 - - - 0 18 9 12 1 1 8

13 8 - - - - 28 - 0 1 0 7

Average 6 - - - - 16 - 4 3 4 6

12-Vehicle - - - - 58 14 29 38 36 40

D Data in some Instances may represent the average of replicate tests.

* HC - Hydrocarbon-Only Fuel
WYN - Hatched-Volatility Gasoline-Methanol:TBA Blend

NSM - Modified-Splash Gasoline-Methanol:TBA Blend

MVE - Hatched-Volatility Gasoline-Ethanol Blend
MSE - Modified-Splash Gasoline-Ethanol Blend

• Average of Fuels 6, 8, 9, and 10.
+ Estimated value.
(_) Indicates demerits are statistically different from hydrocarbon-only fuel demerits 

at

the 90% confidence level.

m4
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TABLE V

AVERAGE DEMERITS BY OXYGENATE TYPE

Hydrocarbon-Only Gasoline- Gasoline-
Fuel Methanol:TBA Blend* Ethanol Blend*

High-Temperature

Conditions

Low-Volatility (Fuel 1) (Fuels 2 & 3) (Fuels 4 & 5)

- Carburetted 52 84 82
- TBI 17 7
- PFI 5 2 10
- Fleet 32 47 50

High-Volatility (Fuel 6) (Fuels 7 & 8) (Fuels 9 & 10)

- Carburetted 163 156 149
- TBI 39 46 48
- PFI 3 15 26
- Fleet 92 94 93

Intermediate-Temperature

Conditions

High-Volatility (Fuel 6) (Fuels 7** & 8) (Fuels 9 & 10)

- Carburetted 89 98 64
- TBI 39 21 16
- PFI 16 9 3
- Fleet 58 49 37

* Average of matched-volatility and modified-splash blends.

(_) Indicates demerits are statistically different from hydrocarbon-only

fuel demerits at the 90% confidence level.

•* Incomplete Block of Data
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TABLE VI

AVERAGE DENERITS BY FUEL SYSTEN TYPE

Breakdown of
Fuel System Fuel InJection

Carburetted Fuel-InJected PFI TBI

Hi gh- Temperature
Conditions

Low-Volatility 77 14 6 21
(Fuels 1-5) -

High-Volatility 155 31 17 46
(Fuels 6-10)

Intermediate-Temperature
Conditions

High-Volatility 67 14 6 21
(Fuels 6,8,9 & 10)

(_) Indicates demerits are statistically different from carburetted
demerits at the 90% confidence level.

(_) Indicates demerits are statistically different from PFI demerits
- at the 90% confidence level.
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TABLE VII

AVERAGE DEMERITS BY TYPE OF VOLATILITY ADJUSTNENT

Modfied-Splash Matched-Volatility
Blends* Blends**

High-Temperature

Conditions

Low-Volatility (Fuels 3 £ 5) (Fuels 2 & 4)

- Carburetted 67 99
- TBI 20 24
- PFI 8 5
- Fleet 41 57

High-Volatility (Fuels 8 10) (Fuels 7 9)

- Carburetted 136 169
- TBI 42 53
- PFI 20 20
- Fleet 83 103

Intermediate-Temperature

Conditions

High-Volatility (Fuels 8 & 10) (Fuels 7 & 9)

- Carburetted 57 64
- TBI 13 20
- PFI 4 3
- Fleet 33 38

* Modified-splash blends - Hydrocarbon-alcohol blends that were

adjusted by butane back-out to match TV/L=20 to the hydrocarbon-
only fuels.

** Matched-Volatility Blends - Hydrocarbon-alcohol blends that were
matched in distillation and TV/L 20 to the hydrocarbon-only --
blends.



'4 -28-

C4A w
IflW Y CW& w -00M(CO

I I 0 ~ ~ c %CJ-4 *CJ'0 40'- M

.,- .5 - =-

. CO L0 - L

w0 ~- c

a, 00

LAJ -. 4C F-0 -41 ~f e0C
W Il 0 LOIC '0" 0c 0 D -Wq

V-Icla La. U-. LL-

4J 0 1-1I

300
mU

-ma

4J00

4J C n l CDC

I4 COI L. a
c

4 to~

:I-mU.
04

IV

9- 4C 0 )*

4- do4

0 C

06 4.A*9-

0 r I 1 .J* 141 0 *' JI -f 4J0-"

010 1 - M1 W" #a1 OLL

~ ~I--. C - I0 LA.-" 03 IJ aU. L. '

41 Z
I I -



-29-

P.fl. 0 0 a;0(n 1f 0 % 0 N1 en

10 'n 10 10

oD 0o Nm as1

I*. C; Pz (0 1
P.- P "40Lnq

10 10!

CC

0101

10 in10 1

It!! 0 Ln gn

I -
Enn

105 IV

00 
.619a

N 410



-30-

TABLE X

PERCENTAGE OF TOTAL WEIGHTED DEI RITS* FOR EACH MLFUNCTIO

- HIGH TEERATURE

(Average of 12 Vehicles)

Idle Driving
Init. Back-

Fuel Start Restart Rough Stall Hesit. Stumble Surge fire Stall

1 0 0 9.7 0 35.5 35.5 3.2 0 16.1

2 0 0 9.4 0 24.5 39.6 7.5 1.9 17.0

3 0 0 9.5 7.1 26.2 26.2 4.8 0 26.2

4 0 0 6.6 4.9 44.3 27.9 4.9 0 11.5

5 0 0 11.1 0 42.2 22.2 4.4 4.4 15.6

Average
Fuels 1-5 0 0 9.3 2.4 34.5 30.3 5.0 1.3 17.3

6 0 0 5.4 5.4 18.3 30.1 8.6 1.1 31.2

7 0 0 9.8 5.9 25.5 35.3 3.9 1.0 18.6

8 0 0 5.6 6.7 38.2 29.2 6.7 0 13.5

9 0 1.0 6.7 5.7 22.9 32.4 3.8 0 27.6

10 1.2 0 8.5 8.5 29.3 39.0 3.7 0 9.8

Average
Fuels 6-10 0.2 0.2 7.2 6.4 26.8 33.2 5.3 0.4 20.1

Average
Fuels 1-10 0.1 0.1 8.2 4.4 30.7 31.7 5.2 0.8 18.7

W When more than one malfunction occurs in a driving maneuver, only the
malfunction giving the highest weighted demerits Is counted.
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TABLE XI

PERCENTAGE OF TOTAL iEINTED DEMERITS* FOR EACH LAFAiNCTIO

- INTEDI IATE TEIEPRATURE

(Average of the Nmber of Vehicles Tested Per Fuel)

Idle Driving Bcmit. Back-
Fuel Start Restart Rough Stall Hesit. Stumble Surge fire Stall

6 0 0 8.6 12.1 15.5 50.0 5.2 0 8.6

8 0 0 7.1 10.7 21.4 50.0 10.7 0 0

9 0 0 5.7 11.4 22.9 40.0 5.7 0 14.3

10 0 0 5.7 5.7 5.7 40.0 5.7 0 37.1

Avg. 0 0 6.8 10.0 16.4 45.0 6.8 0 15.0

* When more than one malfunction occurs in a driving maneuver, only the malfunction
giving the highest weighted demerits is counted.

i ~low
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TABLE XII

SUTRY OF AVERAGE TOTAL WEIGHTED DENERITS. AIENT TEIPERATURE*

AND FUEL TANK TEWERATUIE NEASUIRE I TS

Fuel 6 Fuel 8 Fuel 9 Fuel 10 Average

HI gh-Temperature

Conditions

TWD's 92.17 89.25 104.92 79.67 91.50

Ambient Air Temp., °F 89.88 90.88 91.75 91.02 90.88

Tank Temp., °F 102.54 103.54 103.83 104.15 103.52

Intermediate-Temperature

Conditions

TWD's 58.16 29.25 37.92 35.75 40.27

Ambient Air Temp., OF 74.38 75.17 67.00 79.75 74.07

Tank Temp., °F 91.74 87.04 84.16 86.30 87.31

TWD 91.50-40.27 - 51.23

Ambient Temperature 90.88-74.07 = 16.81°F

Tank Temperature 103.52-87.31 - 16.210F

TWO's/Ambient Temperature = 3.05 Demerits/*F

TW's/Tank Temperature = 3.10 Demerits/°F
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PROPOSED CRC LIGHT-DUTY 1985 VOLATILITY PROGRAM

Objective

The objective of this program will be to determine the effects of
alcohol (oxygenates) and alcohol types in gasoline over a wide
volatility range at the nominal ambient temperatures of 700 and
90OF on hot-start and driveaway driveability and to determine if
driveability malfunctions are associated with an over rich condi-
tion caused by fuel foaming.

Introduction

Previous CRC hot-weather volatility programs were directed
towards establishing a driveability procedure and studying the
relationship of volatility parameters to vapor lock and hot-
driveability vehicle performance. The effects of oxygenates on
vapor lock performance were addressed in a recently conducted CRC
program; however, a similar program has not been conducted
showing the effects of fuel volatility with hot-start and
driveaway vehicle performance. A program of this type will
provide information on:

0 the effect of oxygenates on hot-start and driveaway vehicle
performance at nominal ambient temperatures of 70°F and
900F.

0 the effect of oxygenate type on hot-start and driveaway
performance.

0 identification of those conditions under which driveability
malfunctions occur caused by an over-rich fuel mixture
(i.e., precursor to carburetor foaming).

Depending upon the results obtained with this program, a future
program may be necessary to define an expression relating fuel
volatility, oxygenate effects, and higher oxygenate concentra-
tions.

Scope

A cooperative driveability program will be conducted from
September 4 through October 4, 1985 at Failure Analysis
Associates Test Track in Phoenix, Arizona. The driveability of
selected 1985 model vehicles will be determined at the nominal
ambient temperatures of 700 and 90*F using two fuel series and
cross-blends of the two fuel series.
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Test Fuels

The test fuels will consist of two fuel sets at two volatility
levels. Each fuel set will be made up of five test fuels; a
hydrocarbon blend, two hydrocarbon-ethanol blends and two
hydrocarbon-methanol/TBA blends matched in fuel properties as
shown in Table C-I. The higher volatility set will contain one
additional fuel blended with ethanol to a higher oxygenate level.

Supplier analyses will include those analyses necessary to pro-
vide certification of the fuels to the required specifications.
In addition to the supplier analyses, cooperating laboratories
will be encouraged to obtain the following lab inspections.

Distillation D 86
Gravity, API
T @ V/L 5, 10, 15, 20, 30 Modified D 2533

and 45 (Mercury Method)
FIA (Hydrocarbon Fuel)
Compositional Analysis GC
Latent Heat of Vaporization Calculated and Measured
Net Heating Value Modified D 240
C/H Analysis
Reid Vapor Pressure Dry Method

Test Vehicles

Twelve 1985 model vehicles will be tested. These vehicles will
be equipped with automatic transmissions and air conditioning and
will be representative of carbureted, throttle-body injected,
port injected and turbocharged port injected fuel systems. The
vehicles selected are listed in Table C-II.

Instrmentation

The following instrumentation will be provided for the vehicles:

- accelerometer
- stop watch
- manifold vacuum gage
- thermocouple (Type K) for measuring temperature of fuel in

tank
- thermocouple (Type K) for measuring underhood fuel tempera-

ture
- thermocouple (Type K) located above carburetor bowl vent to

sense foaming activity
- temperature read out device
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Track Operations and Facilities
I.

A newly paved two-mile oval test track owned by Failure Analysis
Associates has been engaged for this program. Vehicle warmup
operation may utilize nearby public roads. Specially constructed
soak shelters to maximize the sun load but minimize surface wind
cooling effects will be installed at an appropriate location
immediately adjacent to the track.

Appropriate weather data will be recorded at intervals throughout
the testing period.

Program Duration and Manpower Requirements

Program duration is four and one-half weeks. This will provide
time for vehicle and site preparation, vehicle and site clean-up,
driver training, weekend and weather allowance, and twenty test
days. Manpower requirements are for sixteen personnel on site at
all times, including four rating crews. Each rating crew is
expected to complete five test runs per day (Table C-Ill).

On-Site Fuel Analysis

On-site fuel analysis will consist of measuring Reid vapor
pressure by automated equipment. Distillation and TV/L=2l
properties of weathered fuel will be obtained from developea
relationships of RVP measurements.

Testing Schedule

The experience gained from several previous cooperative programs
indicates that inevitably the specific day to day scheduling is
greatly influenced by the local conditions of weather and the
availability of manpower and vehicles.

Initially, all vehicles will be tested to determine their rela-
tive sensitivity to volatility-induced driveability malfunctions. -

Those vehicles exhibiting significant sensitivity will be
scheduled with the appropriate fuels in an attempt to obtain
data of maximum usefullness consistent with recognized analysis
techniques from the limited resources available in this program.
Testing will be done with the two fuel sets and, when appro-
priate, with cross-blends of the two fuel sets.

Testing Procedure

1. Drain fuel from warmed-up test vehicle.

(Note: All fuel handling associated with test vehicles will
be completed with ignition off.)
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2. While fuel is draining from test vehicle, the following data
will be recorded:

Date Test Driver Number
Time Run Number
Ambient Temperature Test Fuel Number
Vehicle Number Number of gallons to be added

3. Refuel test vehicle with designated test fuel (test fuel and -

number of gallons as recorded in Step 2). Refueling must be
completed in time to allow for starting of the Driveaway
Procedure within 10 minutes of the beginning of the
refueling operation.

4. Air conditioning must be on maximum cooling throughout all
vehicle tests.

Start vehicle by following manufacturers recommended proce-
dure. Record time required to start engine. If engine
fails to start after 15 seconds, continue cranking and
adjust accelerator pedal until vehicle starts. Record
corrective means used for start up.

5. Allow engine to idle in park (manuals in neutral) for 3
minutes. While in idle record:

- Temperature of fuel in tank
- Underhood fuel temperature
- Idle quality

6. Following the 3-minute idle, execute a part-throttle
acceleration to access the test track. After entering the
test track, continue to accelerate to 55 mph.

7. Maintain 55 mph speed for 15 miles to stabilize engine oil
temperature.

8. Return to the fueling area and without draining the fuel
tank add additional fuel. Add an amount equal in gallons to
the initial fill of tbe fuel designated for this run in Step
2. Cap the fuel tank, rock car from side-to-side (approxi-
mately 30 seconds) to mix fuel in tank. Obtain a fuel tank
sample. After sampling is complete, record:

- Temperature of fuel in tank
- Underhood fuel temperature

Maximum time required to complete Step 8 should be 10
minutes.
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9. Start vehicle by following manufacturer's recommended
procedure. Record time required to start engine. If engine
fails to start after 15 seconds, continue cranking and
adjust accelerator pedal until vehicle starts. Record
corrective means used for start up.

10. Allow engine to idle in park (manuals in neutral) for 30
seconds, then in drive for 30 seconds. Note idle quality.
Note temperature above carburetor bowl vent. Followiwng
minute idle, execute a part-throttle acceleration, 5 ft/sec
(0-10 mph) for distance of 30 to 50 feet to access test
track. Stop at entrance to test track for 2 seconds before
proceeding. Following the stop, make an immediate 0-55 mph
WOT acceleration. Note any driving malfunctions and temper-
ature at carburetor bowl vent.

11. Stop with moderate brake and repeat 0-55 mph WOT
acceleration. Stop with moderate brake and again repeat 0-
55 mph WOT acceleration. Maintain 55 mph speed for 5 miles.
Watch for sudden temperature drop above carburetor bowl vent
(-200). Record temperatures and any driving malfunctions.

12. After completing 5-mile run, bring vehicle to a stop using
moderate braking at the first soak shed. Allow engine to
idle for 10 minutes in park (manuals in neutral) and record:

- Temperature of fuel in tank
- Underhood fuel temperature
- Idle quality

Obtain fuel sample.

13. Following shed igle, back vehicle out of soak shed at part
throttle 5 ft/sec speed of 0-15 mph for a minimum distance
of 30 feet and then stop abruptly. Allow the engine to idle
for 15 seconds in drive. Record maneuver malfunctions and
idle quality.

14. Execute a part-throttle acceleration 5 ft/sec 2 (0-10 mph)
for 30 to 50 feet necessary to access test track. Stop
before entering track, using moderate braking, and allow
engine to idle in drive for 15 seconds. Record maneuver
malfunctions and idle quality.

15. After 15-second idle period, execute the following
maneuvers:

- acceleration from 0-30 mph at part throttle (5 ft/sec 2)
- maintain 30 mph for 2/10 of a mile
- accelerate immediately at detent vacuum to 45 mph
- maintain 45 mph for 2/10 of a mile; then using moderate

braking decelerate to 15 mph within 1/10 of a mile
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- make an abrupt stop; hesitate for 2 seconds, then make
an immediate WOT acceleration to 55 mph; monitor bowl
vent temperature

maintain 55 mph for 2/10 of a mile before a moderate
braking to a stop

Record all maneuver malfunctions.

16. After 15-second idle period, execute the following maneuvers
in sequence:

accelerate at part throttle (5 ft/sec 2) from 0-25 mph,
0-10 mph, 0-25 mph, 0-10 mph, 0-25 mph, 0-10 mph, 0-25
mph and 0-10 mph; stopping using moderate braking and
idling for 10 seconds in drive (neutral for manuals)
between each acceleration.

Record all maneuver malfunctions and idle quality.

17. FollowIng the final idle, execute a part throttle (5
ft/sec ) acceleration from 0-15 mph. Maintain 15 mph for
1/10 of a mile before accelerating at constant 6" vacuum to
55 mph. Complete 10 miles at 55 mph before returning to
soak shed. Record all maneuver malfunctions.

18. After returning to soak shed, idle for 2 minutes (manuals in
neutral) in drive. Record idle quality.

Turn off ignition and allow vehicle to soak for 20 minutes.
Obtain fuel sample after 15 minutes into soak.

19. At end of soak period, with transmission in park or neutral,
start vehicle by following manufacturer's recommended
procedure. Record time required to start engine and idle
quality. If engine fails to start after 15 seconds, con-
tinue cranking and adjust accelerator pedal until vehicle
starts. Record corrective means used to start engine.

20. When engine starts, release throttle to idle position. If
the engine does not continue to run for one minute, restart
engine. If engine stalls 4 times in succession before
completing one minute of operation, increase idle speed to
keep engine running. Record cumulative starting times and
idle quality.

21. Repeat Steps 9 through 11.

NOTE: A driver training session will be conducted at the begin-
ning of the program to minimize driver rating variability.
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DEFINITION OF TERMS

HOT START AND DRIVEAMAY INVESTIGATION

Test Run: Operation of a vehicle throughout a prescribed
sequence of operating maneuvers and/or condi-
tions on a single test fuel.

Test Set: Those test runs necessary for the characteriza-
tion of a fuel property in a given fuel system.

Fuel Foaming: A rich condition resulting from foam build-up at
a point in the vehicle fuel system prior to
combustion. The opposite of vapor lock.

Vehicle Malfunction: The inability of a vehicle to perform a pre-
scribed maneuver and/or test condition smoothly.

Maneuver: A specified single vehicle operation that con-
stitutes a segment of the driveability driving
schedule.

Start Time: The cumulative total of seconds necessary to
start the engine and have it run for a pre-
scribed idle period prior to transmission
engagement.

Stall: The engine stopping with ignition on during any
segment of the driveability driving schedule
and/or test condition. There are three types of
stalls - accel, decel, and idle.

Wide-Open Throttle The flooring of the accelerator pedal to accel-
TROT) Acceleration: erate through the gears from a prescribed

starting speed.

Part-Throttle (PT) An acceleration made at a fixed throttle posi-
Acceleration: tion, or rate of acceleration, less than WOT.

Hesitation: A temporary lack of initial response in accel-

eration rate.

Stumble: A short, sharp reduction in acceleration rate.

Surge: A continued condition of short fluctuations in
power.

Backfire: An explosion in the induction or exhaust system.
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DEMERIT CALCULATION SYSTEN

A numerical value for driveability during the CRC test is
obtained by assigning demerits to operating malfunctions as shown in
Table C-IV. Depending upon the type of malfunction, demerits are
assigned in various ways. Demerits for poor starting are obtained by
subtracting two seconds from the measured starting time. The number
of stalls which occur during idle as well as during driving maneuvers
are counted separately and assigned demerits as shown in Table IV.
The multiplying factors of 8 and 32 for idle and maneuvering stalls,
respectively, account for the fact that stalls are very undesirable,
especially during car maneuvers.

Other malfunctions, such as hesitation, stumble, surge, idle
roughness, and backfire, are rated subjectively by the driver on a
scale of trace, moderate, or heavy. For these malfunctions, a certain
number of demerits is assigned to each of the subjective ratings.
However, since all malfunctions are not of equal importance, the
demerits are multiplied by the weighting factors shown in Table IV to
yield weighted demerits.

Finally, weighted demerits, demerits for stalls, and demerits for
poor starting are summed to obtain total weighted demerits (TWD),
which are used as an indication of driveability during the test. As
driveability deteriorates, TWD increases.
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TABLE C-I

TEST FUEL SPECIFICATIONS

OF

Fuel % 02* TV/L=20 T10 T30  T50 T90

1 0 E** A** B** C**

2 3.5M E+3 A+5 B+5 C+5 D+1O

3 3.5M E+3 Fuel 1 with butane adjusted

4 3.5E E+3 A+5 B+5 C+5 D+1O

5 3.5E E+3 Fuel 1 with butane adjusted

6 0 F** G** H** I** J**

7 3.5M F+3 G+5 H+5 1+5 J+10

8 3.5M F+3 Fuel 6 with butane adjusted

9 3.5E F+3 G+5 H+5 1+5 J+10

10 3.5E F+3 Fuel 6 with butane adjusted

11 5.OE Add 1.5% Ethanol to Fuel 10

* M = Methanol:TBA blend of 1:1 ratio; E = Ethanol

** Values for A through J are targets for Fuels 1 and 6 as follow:

A = no spec set G = no spec set
B = no spec set H = no spec set
C = 225 + 5 F = 105 + 3
D = 320 10 I = 205 5
E = 133 3 J = 320 10

NOTE:

Fuels 3 and 5 to be Fuel 1 with only butane adjusted to attain TV/L=20
specification (i.e., Fuel 3 is not to be identical to Fuel 2).

Fuels 8 and 10 to be Fuel 6 with only butane adjusted to attain
TV/L=20 specification (i.e., Fuel 8 is not to be identical to Fuel 7).

ALL FUELS: RON + MON = 88 MIN
2

% Aromatics = 25-35
Lead Content = 0.05 g/gal max
Corrosion Inhibitor = 3 PTB
Antioxidant = 5 PTB
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TABLE C-II

TEST FLEET

Manufacturer Model Displacement Fuel System

American Motors Alliance 1.4 or 1.7 Throttle-body
injected

Chrysler L or K body 2.2 Carburetted

Chrysler 2.2 Port-injected
turbo

Ford Escort 1.9 Carburetted

Ford Escort 1.9 Port-injected
EFI

Ford Ford LTD 3.8 Throttle-body

injected

General Motors Buick 3.0 Carburetted

General Motors Chev. X Body 2.8 Carburetted

General Motors Firebird 5.0 Carburetted

General Motors Pontiac 2.5 Throttle-body
injected

General Motors Buick 3.8 Port-injected

Toyota 2.8 Port-injected

Alternate VeHcles

Nissan Sentra 1.5 Carburetted

Ford Tempo 2.3 Throttle-body
injected

NOTE: Vehicle selection, should any substitution be necessary, will
be by fuel system per manufacturer.
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TABLE C-III

PROGRAM DURATION AND MANPOWER REQUIREMTS

Program Duration Days Required

Preparation and Driver Selection 3

Testing 20

Weather Allowance (Weekends) 8

TOTAL 31

Manpower Requirements No. of People

Raters 4

Observers 4

Warm-up and Preparation 4

Data Handling and Project Coordinator 1

Asst. Data Handling and Track Operations 2

Fuel Analysis 1

TOTAL 16
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TABLE C-IV

METHOD FOR CALCULATING TOTAL WEIGHTED DEMERITS (TiD)

Demerits for Poor Starting:

Demerits = Starting Time(s) - 2

Demerits for Stalls:

Demerits = (No. of Idle Stalls) x 8 + (No. of Maneuvering Stalls) x 32 -

Demerits for Malfunctions Rated Subjectively:

Demerits for Subjective Ratings

Trace =1I

Moderate = 2

Heavy 4

Weighting Factors for Each Malfunction

Idle Roughness = 1

Surge = 4

Backfire, Stumble, Hesitation = 6

Weighted Demerits = Demerits x Weighting Factor

Calculation:

Total Weighted Demerits = Weighted Demerits + Demerits for Stalls +

Demerits for Poor Starting

Note: When more than one malfunction occurs in a driving maneuver,
only the malfunction giving the highest weighted demerits is
counted.
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1965 CRC NOT WEATHER DRIVEASILITY RATING SHEET

Run No. Vehicle No. Initial Fuel Gal Refuel Fuel Gal
Fill: Fuel- Gal- Fill: Fuel- Gal-

Driver
No.- Date Time Temp. Wind Bar.Pres. Cloud Cover

Init Restartl Idle I )rivinq I ;emoerature ,e I
MODE Stari Bjck

c 
jUnder TWO

Se Sec No] RohlStall Hes. St Su e F re Stall Tank hoool Carb] SmN'0'

Initial Start
7 re-T I rfn-
Park
warm Uo - 55 mph
15 Miles
Refuel/Obtain Sample
Refuel Start

d eeZc .
Park
idle 30 sec.
Drive
PT Accel to Test Track
5 ft/sec; - 0-10 mph
2 Sec. Delay at Irack
0-55 moh WOT
Noderate St:op
0-55 moh WOT
Moderate Stop
U-55 mph WOT
,iarm Up - mph
5 Miles
Moderate Stop at Soak Shed
idle 10 Min. - Park
Back Out - 0-15 moh - 30 t
5 ftljec - Abrupt Stop
T'T; 11 e2
Drive
PT Accel to Test Track--
5 ft/secz - 0-10 moh
Moderate Stoo
'Idle 15 Set. Drive
PT Accel - 5 ft/secz
0-30 moh

30 moh for 2/10 Mile

30-45 mph at Detent Vacuum

45 moh for 2/10 Nile
71o -de-r a-t-e -rr a k e
Decel to 15 mph w/i 1/10 Mile
Abrupt -top
2 Sec. Delay

0-55 moh WOT

55 mph for 2/10 Mile
Moderate Stop
Idle 15 Sec.
PT Accel ft/secz
0-25 mph
Moderate Stop
Idle 10 Sec. Drive
PT Accel - 5 ft/secZ

W;O; gih stop
Idle 10 Sec. Drive
PT Accel - 5 ft/secz
0-25 mph

REMARKS:
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1965 CAC HOT HEATHR DRIVEAILITY RATING SHEET

Run No. Vehicle No.- -nta Ful a ~ Fill: Fuel= Gal
Fill: Fuel- Gal Fl:Fe __ a

Driver
40. Date_____ Time_ Tep._ Wind Bar.Pres._ Cloud Cover

MODE - Start 
Uder-, S-TW

Sec Sec.rat tooRh tl1;He. tl u-eF, SalTniho

* Idle I 10Sc. oriv

;1ooerNt Stop

*mode ra te Stop

* Idle 10 Sec. Drive

, ;.loerate Stop
- :odle 10 Sec Drve

* :ale 10 Sec. Drive

a Io 5 gh at Cons. 6" Vacuum

- Return to Soak fid

*ue 5 Satle 15 Min. itooak

* ~~~ Moerne.O

3odrateto
Back Out S-5eoc -30f

AbEupRKSt
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INDIVIDUAL LABORATORY

FUEL PROPERTY DATA
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APPENDIX E

PROPOSED METHOD OF TEST FOR

VAPOR/LIQUID RATIO OF GASOLINE

(BOMB METHOD)

AND

RESULTS OF ON-SITE FUEL ANALYSIS

USING BOMB METHOD

p
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PROPOSED METHOD OF TEST FOR
VAPOR/LIQJID RATIO OF GASOLINE (BOMB METHOD)

1. SCOPE

1.1 This method covers the determination of the temperature for a
vapor/liquid (V/L) ratio of 20 for gasoline and gasoline-
oxygenate blends.

2. APPLICABLE DOCUMENTS

2.1 ASTM Standards

D4057 Practice for Manual Sampling of Petroleum and Petroleum
Products

D323 Test Method for Vapor Pressure of Petroleum Products (Reid
Method)

3. SUMMARY OF METHOD

3.1 A measured volume of gasoline at 32 to 34*F (0 to 10 C) is intro-
duced into a two piece bomb having a known volume 21 times the
volume of gasoline sample used, and whi'ch is attached directly to
a pressure gage. The bomb is placed in a constant temperature
water bath and allowed to reach both temperature and pressure
equilibrium. Using the pressure indicated by the gage, the
vapor/liquid ratio is calculated at that temperature.

3.2 The vapor/liquid ratio is determined at two temperatures. The
results are plotted and the temperature corresponding to a speci-
fic V/L is read.

4. SIGNIFICANCE

4.1 The tendency of a gasoline to vaporize in automobile fuel systems
is indicated by the vapor/liquid ratio of that fuel at conditions
approximating those in critical parts of the fuel systems.

5. DEFINITION

5.1 Vapor/liquid ratio of a fuel, at any specified temperature, is
the ratio, at that temperature, of the volume of vapor in equili-
brium with liquid to the volume of sample charged as a liquid at
32"F (OC).

NOTE 1 - This ratio differs from the absolute vapor/liquid ratio
because corrections are not made for, (1) liquid sample expansion
with increasing temperature, (2) decrease in liquid sample volume
by vaporization, (3) dissolved air in the liquid sample, and (4)
deviation from the perfect gas law.
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6. APPARATUS

6.1 V/L Apparatus - Constructed of stainless tubing and fittings and
consisting of two chambers -- a vapor chamber (upper section) and
a liquid chamber (lower section).

6.1.1 Vapor Chamber, shall conform to the dimensions shown in
Figure A1.1 Method D323.

6.1.2 Liquid Chamber, shall conform to the dimensions shown in
Figure 1.

6.2 Pressure Gage, 0-30 psig - The pressure gage shall conform to the
specifications given in A1.2, Method D323.

6.3 Water Baths (2) - The water baths shall be of such dimensions
that the V/L apparatus may be immersed to at least 1 inch (25 mm)
above the top of the vapor chamber. Stirred and thermostatically
controlled, capable of being adjusted to any temperature between
100OF (380C) and 140°F (600C) and maintaining the water tempera-
ture within +O.20 F (0.10C) of the desired temperature.

6.4 Cooling Bath - Capable of maintaining a temperature of 32 to 340F

(0 to 10C).

7. HANDLING OF SAMPLES

7.1 The extreme sensitivity of vapor/liquid measurements to losses
through evaporation and the resulting changes in composition is
such as to require the utmost precaution and the most meticulous
care in the handling of samples. The provisions of this section
shall apply to all samples for V/L determinations.

7.2 Sampling shall be done in accordance with Method D4057 except
that water displacement (11.3.1.8 of D4057) may not be used.

7.3 Sample Container Size - The size of the sample container from
which the vapor pressure sample is taken shall be 1 qt. (iL). It
shall be 70 to 80% filled with the sample.

7.4 Precautions

7.4.1 The vapor/liquid determination shall be the first test run
on a sample, nor may more than one sample be withdrawn
from the sample container for this test.

7.4.2 Samples shall be protected from excessive heat prior to __
testing.

7.4.3 Samples in leaky containers shall not be tested. They
should be discarded and new samples obtained.

7.4.4 Samples that have separated into two phases should be
discarded and new samples obtained.
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7.5 Sample Handling Temperature - In all cases, the sample container
and contents shall be cooled to 32 to 34°F (0 to 1iC) before the
container is opened. Sufficient time to reach this temperature
shall be assured by direct measurement of the temperature of a
similar liquid in a like container placed in the cooling bath at
the same time as the sample.

8. CALIBRATION

8.1 Measure the volumetric capacity of the V/L apparatus.

8.1.1 Prepare freshly boiled distilled water which has been
cooled to room temperature in a sealed flask.

8.1.2 Disconnect the gage from the V/L apparatus and fill the
V/L apparatus to the seat of the gage connection with
water. Determine the weight of water required and the
temperature of the water. Calculate the volume of the
cylinder.

8.1.3 Fill the gage with water. Determine the weight of water
required and the temperature of the water. Calculate the
volume of the gage.

NOTE 2 - A hypodermic syringe may be useful in slowly
adding water to assure that the Bourdon tube is filled
with water.

8.1.4 The volumetric capacity of the V/L apparatus is the sum of
the volumes determined in 8.1.2 and 8.1.3.

8.2 Measure the volumetric capacity of the liquid chamber.

8.2.1 Fill the liquid chamber alone with water. Determine the
weight of water required and the temperature of the water.
Calculate the volume of the liquid chamber.

NOTE 3 - The V/L apparatus is designed to have a volume

approximately 21 times the volume of gasoline sample used.

9. PREPARATION FOR TEST

9.1 Adjustment of Constant-Temperature Baths - Adjust the water baths
to the desired test temperature and maintain at that temperature
+0.2°F (0.10C).

9.2 Verification of Sample Container Filling - With the sample at a
temperature of 32 to 34°F (0 to 10C), take the container from the
cooling bath, wipe dry with an absorbent material, unseal it, and
examine its ullage. The sample content, as determined by use of
a suitable gage, shall equal 70 to 80% of the container capacity.
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9.2.1 Discard the sample if its volume is less than 70% of the
container capacity.

9.2.2 If the container is more than 80% full, pour out enough
sample to bring the container contents within the 70 to
80% range. Under no circumstances may any sample poured
out be returned to the container.

9.3 Air Saturation of Sample in Sample Container.

9.3.1 With the sample again at a temperature of 32 to 34°F (0 to
10C), take the container from the cooling bath, unseal it
momentarily, taking care that no water enters, reseal it,
and shake it vigorously. Return it to the bath for a
minimum of 2 minutes. 7

9.3.2 Repeat 9.3.1 twice more. Return the sample to the bath
until the beginning of the procedure.

9.4 Preparation of Liquid Chamber - Observe the apparatus preparation
procedure of Section 10.7, then store the stoppered liquid
chamber and the sample transfer connection in a cooling bath for
a sufficient time to allow the chamber and the connection to
reach a temperature of 32 to 34°F (0 to 1°C). If an ice-water
bath is used, keep the chamber upright and not immersed over the
top of the coupling threads. The transfer connection may be
inserted into a plastic bag to keep it completely dry during
cooling.

9.5 Preparation of Vapor Chamber - Observe the apparatus preparation
procedure of Section 10.7. Connect the gage to the vapor chamber
and close the lower opening securely with a dry #6 1/2 rubber
stopper. Make sure the stopper is inserted far enough to
securely close the vent hole in the vapor chamber connection.
Immerse the vapor chamber to at least 10 (25 mm) above its top in
the water bath maintained at 1000+0.20F (37.8+0.1°C) for not less
than 20 minutes. Do not remove the vapor chamber from the water
bath until the liquid chamber has been filled with the sample as
described in 10.1.

10. PROCEDURE

10.1 Sample Transfer - With everything in readiness, remove the
chilled sample container from the bath, uncap it, and insert the
cilled transfer apparatus (see Figure 1, Method D323). Quickly
place the chilled liquid chamber, in an inverted position, over
the sample delivery tube of the transfer apparatus. Invert the
entire system rapidly so that the liquid chamber is upright with
the end of the delivery tube touching the bottom of the liquid
chamber. Fill the liquid chamber to overflowing. Withdraw the
delivery tube from the liquid chamber while allowing the sample
to continue flowing up to the moment of complete withdrawal.
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10.1.1 Caution - Provision should be made for suitable restraint
and disposal of the overflowing gasoline to avoid fire
hazard.

10.2 Assembly of Apparatus - Immediately remove the vapor chamber from
the water bath and as quickly as possible dry the exterior of the
chamber with absorbent material with particular care given to the
connection between the vapor chamber and the liquid chamber.
Remove the stopper after drying and immediately couple the two
chambers. Not more than 10 s shall be consumed in coupling the
two chambers.

NOTE 4 - When the vapor chamber is removed from the water bath,
dried and the stopper removed, connect it to the liquid chamber
without undue movements through the air which could promote
exchange of room temperature air with the 100°F air in the
chamber.

10.3 Introduction of Apparatus Into Bath - Turn the assembled
vapor/liquid apparatus upside down to allow the sample in the
liquid chamber to run into the vapor chamber. With the apparatus
still inverted, shake it vigorously eight times in a direction
parallel to the length of the apparatus. With the gage end up,
immerse the assembled apparatus in the bath, maintained at
100+0.2 0 F (37.8+0.1 0 C), in an inclined position so that the
connection of the liquid and vapor chambers is below the water
level and may be carefully examined for leaks. If no leaks are
observed, further immerse the apparatus to at least 1" (25 mm)
above the top of the vapor chamber. Observe the apparatus for
leakage throughout the test. Discard the test at any time a leak
is detected.

NOTE 5 - Liquid Leaks are more difficult to detect than vapor
leaks; and because the coupling between the chambers is normally
in the liquid section of the apparatus, give it particular atten-
tion.

NOTE 6 - After the apparatus has been immersed in the bath, check
the remaining sample for phase separation. If the sample is
contained in a glass container, this observation can be made -_

prior to sample transfer (10.1). If the sample is contained in a
non-transparent container, pour a portion of the remaining sample
into a clear glass container and observe for evidence of phase
separation. If the sample is not clear and bright, discard the
test and the sample.

10.4 Measurement of Vapor Pressure - After the assembled vapor/liquid
apparatus has been immersed in the bath for at least 5 minutes,
tap the pressure gage lightly and observe the reading. Withdraw
the apparatus from the bath and repeat 10.3. At intervals of not
less than 2 minutes, perform 10.3 until a total of not less than

r ! i i r
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five shaking and gage readings have been made and continuing
thereafter if necessary until the last two consecutive gage
readings are constant, indicating equilibrium attainment. These
operations normally require 20 to 30 minutes. Read the final
gage pressure to the nearest 0.1 psi (0.5 kPa) and record the
value as the uncorrected gage pressure.

10.5 Additional Measurement of Vapor Pressure - The V/L apparatus is
immediately transferred to another water batch maintained at
130+0.2°F (54.5+0.1°C) and a measurement of gage pressure made
folFowing the procedure given in 10.4.

10.6 Without undue delay remove the pressure gage (Note 7) and,
without attempting to remove any liquid which may be trapped in
the gage, check its readings against that of a manometer while
both are subjected to a common steady pressure which is no more
than 0.2 psi (1.0 kPa) different from the uncorrected gage
pressure recorded in 10.4 and 10.5. If a difference is observed
between the gage and manometer readings, the differences should
be added to or subtracted from the uncorrected gage pressure
recorded in 10.4 and 10.5. The resulting values are recorded as
final gage pressure at 1000F and 1300F.

NOTE 7 - Cooling the assembly prior to disconnecting the gage
will facilitate disassembly and reduce the amount of hydrocarbon
vapors released into the room.

NOTE 8 - Verification of Sample Integrity - Disconnect the vapor
chamber from the liquid chamber. Drain the sample from the air
and liquid chambers as completely as possible into a dry 8 oz.
clear glass bottle. Seal the bottle and shake it vigorously for
5 seconds. If the sample is clear and bright and free of a
second phase, note this observation and record that the test is
valid. If the sample is not clear and bright and free of a
second phase, note this observation and record that the test is
not valid because of phase separation.

10.7 Preparation of Apparatus for Next Test - Disconnect the vapor and
liquid chambers and discard contained sample. Thoroughly purge
the vapor chamber of residual sample by filling it with warm
water above 90°F (32°C) and allowing it to drain (Note 8).
Repeat this purging at least five times. After disconnecting the
pressure gage from its manifold connection with the manometer,
remove trapped fluid in the Bourdon tube of the gage by repeated
centrifugal thrusts. This may be accomplished in the following
manner: hold the gage between the palms of the hands with the
right hand on the face side and the threaded connection of the
gage forward. Extend the arms forward and upward at an angle of
450 with the coupling of the gage pointing in the same direction.
Swing the arms downward through an arc of about 1350 so that the
centrifugal force aids gravity in removing the trapped liquid.
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Repeat this operation three times to expel all liquid. Purge the
pressure gage by directing a small jet of air into its Bourdon
tube for at least 5 minutes. Rinse both chambers and sample
transfer connection several times with petroleum naphtha, then
several times with acetone, then blow dry using dried air.
Stopper the liquid chamber and place it in the cooling bath for
the next test.

NOTE 9 - If the purging of the vapor chamber is done in a bath,
be sure to avoid small and unnoticeable films of floating sample
by keeping the bottom and top openings of the chamber closed as
they pass through the water surface.

11. PRECAUTIONS

11.1 Gross errors can be obtained in vapor/liquid measurements if the
prescribed procedure is not followed carefully. The following
list emphasizes the importance of strict adherence to the precau-
tions given in the procedure.

11.1.1 Checking the Pressure Gage - Check all gages against a
manometer after each test in order to ensure higher
precision of results (10.6). Read all gages while the
gage is in a vertical position and after tapping it
lightly.

11.1.2 Shake the container vigorously to ensure equilibrium of
the sample with the air in the container (9.3).

11.1.3 Checking for Leaks - Check all apparatus before and
during each test for both liquid and vapor leaks (10.3).

11.1.4 Sampling - Because initial sampling and the handling of
samples will greatly affect the final results, employ the
utmost precaution and the most meticulous care to avoid
losses through evaporation and even slight changes in
composition (Sections 7 and 10.1). In no case shall any
part of the V/L apparatus itself be used as the sample
container previous to actually conducting the test.

11.1.5 Purging the Apparatus - Thoroughly purge the pressure
gage, the liquid chamber and the vapor chamber to be sure
that they are free of residual sample. (This is most
conveniently done at the end of the previous test.) (See
10.7.) It is important to remove all water from the
apparatus before cooling the liquid chambers and heating
the vapor chamber. In high humidity conditions, be alert
for and avoid condensation on the transfer connection and
the interior walls of the apparatus.

11.1.6 Coupling the Apparatus - Carefully observe the require-
ments of IO.Z
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11.1.7 Shaking the Apparatus - Shake the apparatus "vigorously"

as directed in 10.3 in order to ensure equilibrium.

12. CALCULATION

12.1 For each determination, calculate the vapor/liquid ratio as
follows:

12.1.1 For 100OF (37.8 0C) determination:

V/L = Vc - Vs PI
Vs 14.7

Where: Vc = Void volume of the V/L apparatus, ml
Vs = Volume of sample, ml
P1 = Final gage pressure at 100°F (37.8°C), psi

12.1.2 For 130°F (54.50C) determination:

V/L = Vc - Vs P2 - 0.054B
Vs 14.7

Where: P2 = Final gage pressure at 1300F, psi
B = Barometer pressure at time of test, psi

NOTE 9 - The vapor/liquid ratio may be calculated at a
temperature other than 130°F (54.40C) as follows:

V/L = Vc - Vs P3 + [(100-T)B/5601
VTs_ 14.7

Where: P3 = Final gage pressure at test temperature, psi
T = Test temperature, OF

12.2 Plot the experimental results in the form of vapor/liquid ratio
versus temperature on graph paper which can be read easily to 0.1
V/ and 1°F (O.5°C). Read from this plot the temperature corres-
ponding to a specific V/L ratio.

12.3 Report vapor/liquid ratio to the nearest 0.1 unit and the corres-
ponding temperature to nearest 1°F (O.5C).

13. PRECISION

13.1 To be determined.
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.NIUlRY (F VIATILITY RUNS - HIGH TENVEAMRE

I IDLE -..EEK I I ERIVIMGDEM I

H U A U A U A U A
I E N R N R N R N R
N S B D B D B D B D B

V T R I S A E U E U E U E L"

E I I R R D E T T C R R R R R R R R
H F F F F R S S R S A U S K S T H E T H E T H E T H E

I U U U U IT T T 0 T T M U F T A 0 T R A 0 T R A 0 T R A 0 T

R C E E E E VE A A U A I B R I A T N 0 0 V N 0 0 V N 0 0 V N 0 0
U L L L L L EM R R G 1, 0 L G R L W K D R P K D R P K D R P K D R

N E 1 2 1 2 RP T T H L N E E E L D 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4

1 1 6 6 4 88 0 0 0 0 24 144 0 0 0 168 83 110 156 15.6 103 122 174 14.9 110 120 155 11.9 115 116 127
2 1 8 8 4 88 2 0 1 0 18 192 12 0 0 225 88 121 151 14.5 101 113 183 13.4 113 136 157 10.9 117 12 133
3 1 5 5 4 97 0 0 0 0 6 36 0 0 0 42 92 116 155 9.3 118 116 182 8.8 122 135 157 7.9 123 1I7 132
4 1 10 10 4 95 1 0 8 0 18 180 4 0 0 211 96 M2 152 14.4 105 118 185 13.7 114 145 163 10.0 120 124 139
5 1 8 8 4 94 1 1 9 8 6 168 4 0 0 197 97 112 159 14.1 103 112 187 13.5 102 140 165 10.6 118 123 139
6 1 3 3 4 99 02 2 8 24 36 0 0 32 104 95 120 159 8.3 120 124 195 7.9 120 122 165 7.2 126 130 141

7 1 7 7 4 92 0 0 18 0 60 150 4 0 0 232 90 120 157 13.1 101 Ill 180 15.0 114 125 161 11.4 118 117 132
8 1 4 4 4 95 0 0 4 0 12 6 0 0 0 82 100 122 160 12.8 111 116 186 11.8 122 141 167 9.6 126 12 145
9 1 1 1 4 88 0 0 0 0 0 0 0 0 0 0 90 120 144 10.3 118 120 177 10.1 120 132 160 8.8 120 125 132

10 1 6 6 4 92 0 2 15 8 30 144 0 0 32 231 94 130 151 15.3 106 122 189 14.3 121 143 164 10.8 126 126 139
11 1 9 9 4 90 0 0 11 0 12 174 8 0 0 205 86 115 147 15.9 101 114 185 14.9 115 136 163 10.8 122 122 137
12 1 2 2 4 94 0 0 7 0 0 156 16 0 0 179 88 112 148 10.0 114 118 190 10.1 116 132 157 8.6 116 123 132
13 1 1 1 4 90 0 0 1 0 0 30 0 0 0 31 88 115 145 10.3 117 120 186 10.1 126 142 164 9.4 126 130 138
14 1 5 10 5 10 4 91 0 0 5 0 42 90 0 0 0 137 92 115 149 10.8 110 114 186 12.2 118 136 161 9.6 124 125 140
15 1 5 5 4 94 0 0 1 8 0 30 0 0 0 39 86 117 142 9.3 116 115 187 9.0 124 141 164 8.6 131 130 142
16 1 2 2 4 89 1 0 2 0 12 18 0 0 0 33 90 113 146 12.1 112 116 176 9.4 119 17 157 8.6 121 125 128
17 1 10 10 4 86 1 0 11 0 6 150 4 0 0 172 89 116 142 15.1 103 111 174 14.1 113 132 153 11.7 117 116 127
18 1 10 10 4 87 2 0 10 0 6 126 0 0 0 1"4 82 109 142 15.4 100 107 174 14.4 112 134 154 11.8 116 116 I27
19 1 11 11 4 91 0 0 9 0 6 1"4 8 0 0 167 85 109 152 15.2 101 108 179 14.6 113 124 158 11.2 120 119 132

1 2 6 6 2 90 0 0 0 8 0 0 0 0 0 8 88 126 15.5 10 102 14.7 107 146 12.2 108 108
2 2 8 8 2 88 0 0 0 0 0 0 C 0 0 0 85 89 15.3 97 99 14.8 106 135 13.8 109 110
3 2 10 10 2 96 0 2 0 8 0 0 0 0 0 10 128 90 14.6 105 103 13.8 113 144 11.0 128 115
4 2 4 4 2 9860 0 0 0 12 0 0 0 0 12 10 10 12.4 115 107 11.8 111 143 9.9 113 116
5 2 9 9 2 94 2 0 0 0 0 0 0 0 0 2 115 94 10 101 14.3 111 132 11.6 116 110
6 2 1 1 2 92 0 0 0 0 0 0 0 0 0 0 112 97 10.2 Ill 112 10.0 Ill 147 9.3 118 120
7 2 2 2 2 90 0 0 0 0 0 0 0 0 0 0 110 95 10.0 110 102 9.8 114 141 9.5 115 117
8 2 2 3 2 93 0 0 0 0 0 0 0 0 0 0 113 93 8.2 111 108 8.1 120 140 7.7 118 119
9 2 5 5 2 93 0 0 1 0 0 0 0 0 0 1 10Y7 10"2 9.0 108 112 9.0 129 141 8.4 120 117

10 2 8 8 2 90 0 2 0 8 0 0 0 0 0 10 124 88 14.9 119 103 13.2 129 131 11.7 12/ 112
11 2 7 7 2 94 0 1 0 24 18 0 0 0 0 43 111 94 15.2 112 104 12.3 120 138 10.4 122 115 _
12 2 7 7 2 89 1 0 1 8 0 0 0 0 0 10 119 91 15.6 130 101 14.3 135 138 12.5 131 10M
13 2 11 11 2 87 0 1 2 8 0 0 0 0 0 11 10 87 15.2 116 99 123 129 12.9 121 105
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U L L L L LEM RR G L O L G R L W K D R P K D R P K D R P K D R
N E 1 2 1 2RP TT H L N E E E L D 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4

1 3 8 8 3 88 0 2 10 48 30 12 0 0 64 166 78 125 155 15.6 97 125 164 14.4 104 135 155 11.9 107 124 126
2 3 10 10 3 95 1 0 4 80 12 30 0 0 64 191 82 131 166 14.3 108 137 181 13.7 115 130 169 10.8 113 131 145
3 3 5 5 3 97 0 0 4 0 24 0 0 0 0 28 88 134 165 9.4 104 140 171 8.9 110 147 160 8.7 111 123 129
4 3 8 8 3 94 2 0 7 48 24 12 0 0 64 157 87 12 167 14.9 109 135 179 13.8 111 136 163 11.1 111 126 128
5 3 3 3 3 99 0 0 11 8 0 30 0 0 0 49 86 149 165 8.3 106 151 183 7.9 114 134 163 7.6 114 128 132
6 3 7 7 3 94 0 0 27 40 24 42 4 0 64 201 78 135 167 15.5 101 145 178 14.3 120 146 171 11.1 114 129 131
7 3 4 4 395 0 0 17 8 6 42 20 0 32 125 79 172 148 12.7 106 188 144 11.8 114 169 146 9.5 114 135 131
8 3 1 1 3 86 00 7 0 6 18 0 0 0 31 80 133 158 10.5 100 145 170 10.0 114 138 168 9.1 110 123 127
9 3 6 6 3 93 00 7 72 0 36 0 0 288 403 78 138 161 14.6 102 143 174 13.8 110 140 162 10.7 111 123 126
10 3 9 9 3 90 0 0 22 32 0 60 0 0 224 338 78 137 160 15.7 102 142 172 14.3 109 137 163 10.9 111 127 129
11 3 2 2 3 95 0 0 8 0 0 36 0 0 0 44 85 141 162 9.9 103 143 180 9.4 105 115 147 8.8
12 3 5 10 5 1039000 12 0 0 48 0 0 64 124 89 131 163 12.7 105 138 168 11.2 115 141 162 10.2 113 123 126
13 3 5 5 3 94 0 0 10 0 0 42 0 0 0 52 91 137 159 9.2 116 158 186 8.8 122 148 168 8.3 120 130 132
14 3 1 1 3 90 00 7 0 6 24 0 0 0 37 82 137 10.5 104 148 9.9 115 144 8.8 114 123
15 3 8 8 3 88 0 0 17 0 12 54 0 0 96 179 75 120 146 15.0 101 136 167 14.0 111 139 163 11.6 106 116 118
16 3 4 4 3 88 0 0 10 0 0 6 0 0 0 16 83 135 158 12.8 102 145 167 11.6 105 126 153 10.5 106 114 124
17 3 10 10 3 87 0 0 19 0 0 24 0 0 64 107 -j 129 157 15.2 105 144 174 14.4 103 125 153 12.1 104 116 119
18 3 6 6 3 87 1 0 12 0 6 18 0 0 256 293 72 128 147 15.9 95 134 158 14.9 113 135 160 11.9 109 124 127

1 4 6 6 2 90 0 0 0 0 60 30 16 0 0 106 94 186 117 15.6 112 189 135 15.3 105 142 127 14.3 104 141 100
2 4 8 8 28800 0 0 36 0 0 0 0 3 7 92(77 129 14.9
3 4 5 5 2 97 0 0 1 0 54 0 0 0 0 55 99 142 121 9.4 101 203 155 9.1 95 168 148 8.8 106 147 108
4 4 10 10 2 95 0 1 11 8 246 0 0 0 0 266 108 204 138 14.3 101 192 149 14.2 103 169 151 11.6 117 169 116
5 4 8 8 2 94 0 0 14 0 228 0 0 0 0 242 117 188 136 14.1 105 193 142 13.8 94 162 152 12.2 115 182 116
6 4 3 3 2 99 0 0 0 0 108 0 0 0 0 108 102 226 156 8.5 111 216 165 8.3
7 4 3 3 2 96 0 0 0 0 72 0 0 0 32 104 12.7 109 197 143 12.1 102 168 151 8.1 112 169 116
8 4 7 7 2 90 2 0 17 8 102 12 0 0 96 237 112 197 127 14.1 107 153 114 13.4 98 167 131 12.3 106 163 112
9 4 4 4 2 95 0 1 1 8 72 0 4 0 32 118 101 227 137 12.9 104 177 135 12.5 108 136 155 10.6 111 168 113
10 4 1 1 2 86 0 0 1 0 60 0 0 0 0 61 80 203 123 10.4 97 182 133 10.6 108 157 152 9.9 108 150 105

11 4 9 9 2 90 1 0 5 0 156 0 0 0 0 162 81 188 125 15.7 97 168 137 15.2 106 147 149 12.1 106 158 108
12 4 2 2 2 94 0 0 5 0 102 0 0 0 32 139 91 224 130 15.1 104 176 130 9.8 113 162 155 9.3 110 165 113
13 4 8 8 2 90 1 0 7 0 174 0 36 0 0 218 67 209 123 14.7 97 188 133 14.4 104 148 146 12.5 104 158 109
14" 4 5 5 2 95 00 7 0 66 0 0 0 0 73 92 212 132 9.2 106 175 131 9.0 116 171 159 8.6 113 161 116
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15 4 5 10 5 10 2 91 0 0 4 0 84 0 0 0 0 88 92 198 126 11.9 102 174 127 11.0 112 160 155 10.8 113 164 113
16 4 1 1 2 90 0 0 0 0 120 0 0 0 0 120 88 199 124 10.0 100 193 137 10.1 112 155 157 9.4 111 160 111
17 4 6 6 2 91 1 0 0 0 228 0 8 0 0 237 85 218 129 15.0 99 179 132 13.1 110 168 160 11.8 109 165 114
18 4 4 4 2 88 1 0 1 0 42 0 12 0 32 88 85 195 116 12.3 103 210 136 11.4 100 137 147 10.9 104 129 101
19 4 2 2 2870010 0 24 0 0 0 32 68 89209124 9.8106209138 9.6108144142 9.5 106 143 104
20 4 10 10 2 87 4 0 4 0 96 0 4 0 0 108 84 200 119 15.0 97 187 134 14.8 104 154 146 12.7 105 153 105
21 4 6 6 2 87 2 0 0 0 96 0 8 0 0 106 85 197 122 15.9 99 215 150 15.6 106 150 161 12.8 106 161 114
22 4 11 11 2 90 3 0 0 8 120 0 0 0 0 131 83 214 128 14.8 102 200 147 14.7 108 162 158 12.6

1 5 6 6 4 90 0 0 0 0 0 0 0 0 0 0 87 105 15.4 98 113 14.0 106 134 11.5 108 113
2 5 8 8 4 87 0 0 1 0 6 6 0 0 0 13 83 100 15.1 99 115 14.1 106 142 11.2 108 112
3 5 10 10 4 96 10 9 0 6 72 4 0 0 92 89 110 13.7 107 124 12.7 115 149 9.7 117 122
4 5 7 7 4 96 0 0 15 0 18 24 4 0 0 61 90 109 15.1 105 121 14.0 112 138 114 119
5 5 4 4 4 96 0 0 2 0 0 6 4 0 0 12 87 108 12.5 105 126 11.7 113 152 9.3 114 120
6 5 9 9 4 92 0 0 5 0 6 18 4 0 0 33 88 109 15.2 105 120 14.2 110 139 10.7 113 118
7 5 2 2 4 90 1 0 1 0 0 6 0 0 0 8 87 102 9.9 108 124 9.6 114 141 8.6 116 121
8 5 3 3 4 92 00 1 0 0 6 0 0 0 7 88 111 8.1 111 126 8.0 116 149 7.5 117 123
9 5 8 8 4 90 0 0 2 0 0 6 0 0 0 8 87 107 14.5 107 124 13.8 112 148 10.2 116 122

10 5 12 12 4 9400 0 0 0 0 0 0 0 0 94 116 8.9 109 128 8.7 115 148 7.9 115 126
11 5 5 5 4 93 0 0 0 0 30 0 0 12 0 42 91 115 9.7 109 128 8.7 112 148 8.2 112 127
12 5 1 1 4 92 0 0 1 0 0 12 0 0 0 13 94 113 10.3 110 129 9.8 118 138 8.6 120 126

1 6 6 6 3 90 0 0 5 8 0 0 0 0 0 13 85 101 15.4 102 111 14.8 105 129 12.9 108 113
2 6 10 10 2 93 0 0 4 0 0 0 0 0 0 4 87 103 14.5 102 108 14.1 111 151 11.3 116 121
3 6 5 5 2 960 0 0 0 0 0 0 0 0 0 88 107 9.4 108 117 9.1 124 158 8.7 120 125
4 6 8 8 2 94 0 0 4 0 12 0 0 0 0 16 88 103 14.1 101 108 14.3 114 152 10.9 113 119
5 6 3 3 2 97 0 0 0 0 0 0 0 0 0 0 89 110 8.5 110 117 8.2 121 152 7.9 116 121
6 6 7 7 2 94 0 0 4 0 0 0 0 0 0 4 85 111 14.7 102 110 14.6 115 146 11.0 111 116
7 6 4 4 2 95 0 0 0 8 0 0 0 0 0 8 90 108 12.6 103 110 11.8 119 150 9.8 119 124
8 6 1 1 2 85 0 0 0 0 0 0 0 0 0 0 83 105 10.3 100 112 9.9 113 147 9.4 109 116
9 6 6 6 2 92 0 0 0 0 6 0 0 0 0 6 87 103 14.9 100 112 13.8 108 145 11.4 110 115
10 6 9 9 2 92 0 0 1 0 6 0 0 0 0 7 81 99 15#105 115 14.9 111 148 11.2 112 118
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11 6 2 2 2 94 00 1 0 0 0 0 0 0 1 86 105 10.1 98 108 9.8 112 141 9.2 107 113
12 6 1 1 2 9000 0 0 6 0 0 0 0 6 94 111 10.1 104 116 9.6 118 150 9.2 118 122
13 6 8 8 2 95 0 0 4 8 0 0 0 0 0 12 87 102 14.6 102 108 14.0 111 147 10.8 111 116
14 6 11 11 2 94 00 2 0 0 0 0 0 0 2 89 103 13.8 102 107 13.0 114 152 10.5 115 120
15 6 10 10 2 87 0 0 1 0 0 0 0 0 0 1 82 98 15.1 96 105 14.7 104 142 12.2 107 112
16 6 11 1 2 91 0 0 1 0 0 0 0 0 0 1 83 100 15.1 101 111 14.4 108 146 11.7 109 114

1 71 0 10 3 97 0 1 11 16 48 36 0 0 0 112 87 117 150 14.2 101 120 159 14.3 108 139 153 11.3 111 115 122
2 7 4 4 3 96 0 0 11 16 180 6 0 0 0 213 90 117 147 12.2 105 114 151 11.6 111 135 154 9.9 112 115 116
3 7 6 6 3 90 0 0 19 0 18 60 4 0 64 165 84 109 142 15.0 104 115 144 14.2 115 138 159 11.8 113 113 117
4 7 9 9 3 94 0 0 16 0 54 30 0 0 64 164 88 124 146 15.0 10 121 158 14.2 109 129 153 12.0 109 110 114
5 7 1 1 3 92 0 0 8 0 36 18 4 0 64 130 91 121 141 10.1 108 112 150 9.8 113 137 153 8.8 114 114 115
6 7 2 2 3 90 0 0 11 0 60 18 8 0 64 161 85 117 136 9.8 110 114 152 9.6 118 139 155 8.7 115 116 114
7 7 3 3 393 00 8 0 12 18 4 0 64 106 90 119 144 8.1 109 112 153 8.0 119 138 155 7.8 117 116 117
8 7 5 5 3 95 0 0 11 0 102 0 0 0 64 177 92 123 143 9.0 112 116 8.6 115 142 8.0 116 117
9 7 8 8 3 90 0 0 13 0 144 0 0 0 64 221 83 116 141 14.5 103 11A 151 14.1 112 136 153 11.3 114 116 120

10 7 7 7 3 95 00 9 0 24 42 J 0 64 139 87 123 146 9.0 102 117 150 14.4 110 137 154 11.5 111 114 119
11 7 10 10 3 89 0 0 10 0 42 24 0 0 64 140 83 116 136 14.5 101 117 156 14.0 104 127 146 14.0 106 108 109
12 7 10 10 3 87 0 0 2 0 0 36 0 0 64 102 83 143414 .9 100 114 146 14.4 105 130 146 12.4 107 107 112
13 7 11 11 39110 12 0 6 30 4 0 64 117 83 110 143 14.8 97 110 154 14.5 107 136 151 12.5 110 113 117
14 7 6 6 3 90 0 0 6 0 0 48 0 0 64 118 84 114 146 15.1 98 114 157 14.8 103 127 151 13.1 105 107 115

1 8 6 6 1 8800 2 0 6 0 16 0 0 24 92 130 14.8 107 125 14.8 108 148 13.0 108 122
2 8 8 8 1 88 0 5 5 32 24 0 36 0 0 102 93 130 14.8 106 12 14.3 112 158 12.3 113 128
3 8 10 10 1 93 0 0 3 32 0 60 0 0 0 95 92 136 14.7 111 133 14.1 119 164 11.4 119 136
4 8 5 5 1 96 0 0 1 0 0 0 0 0 0 1 97 141 9.3 113 139 9.0 119 161 8.3 120 136
5 8 8 8 1 93 0 1 4 8 0 0 0 0 0 13 95 134 14.1 111 130 13.6 115 162 11.9 115 132
6 8 3 3 1 99 0 0 0 0 0 6 0 0 0 6 98 143 8.4 114 142 8.3 119 163 7.8 120 137
7 8 7 7 1 98 0 1 8 0 18 0 0 0 2 90 137 15.2 109 135 14.4 112 162 11.6 112 132
8 8 4 4 1 95 0 0 0 0 0 0 0 0 0 0 94 139 12.4 112 138 12.1 119 160 10.1 119 136
9 8 6 6 1 92 0 0 3 16 0 0 32 0 0 51 95 142 14.9 110.135 14.3 114 162 12.3 115 130

10 8 9 9 1 92 0 1 0 24 0 0 0 0 0 25 91 136 15.4 109 135 *11.1 114 161 11.6 116 134
11 8 1 1 1 92 00 4 0 0 6 0 0 0 10 97 137 10.1 115 140 9.7 121 158 8.6 123 137
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N E 1 2 1 2RP TT H L N E E E L D 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4

12 8 2 2 1 90 0 0 9 0 0 0 0 0 0 9 94 134 9.9 109 133 9.7 118 161 9.0 119 131
13 8 3 3 1 91 00 15 0 0 0 0 0 32 47 95 138 8.3 112 139 8.2 118 162 7.9 118 135
14 8 5 5 1 94 0 0 14 0 6 12 0 0 32 64 97 140 9.0 115 140 8.8 122 166 8.3 122 138
15 8 10 10 1 88 0 0 15 8 0 6 0 0 0 29 89 134 14.8 105 122 14.5 111 149 13.0 112 123
16 8 6 6 1 87 0 0 11 8 0 0 24 0 0 43 86 127 15.7 105 129 15.3 113 158 13.1 115 129
17 8 1 1 1 91 0 0 9 0 0 0 0 0 0 9 95 135 10.9 112 139 10.7 117 159 117 132

1 9 6 6 3 9 0 0 15 0 12 48 0 0 0 75 84 91 15.6 95 110 15.2 102 116 12.9 102 110
2 9 8 8 3 88 0 0 9 0 6 72 0 0 0 87 88 14.6 95 109 14.3 103 122 12.5 104 109
3 9 10 10 3 91 0 0 15 0 6 30 4 0 0 55 86 93 14.6 102 115 14.4 108 120 11.6 109 116
4 9 5 5 3 96 0 0 16 0 0 30 0 0 0 46 93 100 9.4 103 120 9.1 114 126 8.7 113 120
5 9 8 8 3 93 0 0 17 0 0 60 0 0 0 77 89 91 13.9 99 113 13.8 107 121 11.6 107 112
6 9 3 3 3 99 0 0 16 0 0 6 0 0 0 22 90 101 8.6 104 119 8.1 116 129 7.9 116 122
7 9 7 7 3 90 0 0 26 0 48 48 4 0 0 126 84 88 15.4 98 111 15.1 107 118 11.9 107 112
8 9 4 4 3 95 0 0 19 0 24 42 0 0 0 85 89 92 12.5 105 125 12.1 116 128 9.8 115 121
9 9 1 1 3 85 0 0 14 0 12 24 0 0 0 50 83 90 10.3 95 112 10.1 105 114 9.4 104 113
10 9 9 9 3 92 0 0 14 0 48 48 0 0 0 110 85 89 15.1 96 110 14.6 108 128 14.6 108 113
Ii 9 1 1 3 90 0 0 16 0 0 18 0 0 0 34 89 94 10.5 100 116 10.3 112 122 9.8 113 117
12 9 2 2 3 91 0 0 13 0 12 12 0 0 0 37 86 93 9.8 104 120 9.6 113 117 8.9 112 118
13 9 3 3 39500 13 0 0 24 0 0 0 37 90 95 8.2 104 122 8.1 113 128 7.7 113 120
14 9 5 5 3 94 0 0 15 0 0 6 0 0 0 21 91 92 9.0 106 123 8.9 117 125 8.2 115 122
15 9 10 10 3 87 0 0 21 0 54 24 0 0 0 99 84 85 15.0 93 108 14.8 100 114 12.8 101 107
16 9 6 6 3 90 0 0 21 0 30 12 0 0 0 63 90 89 15.2 101 118 14.8 106 117 12.3 106 113

1 10 6 6 1 90 0 0 0 0 12 0 24 0 0 36 82 131 15.7 95 140 15.2 97 118 13.4 100 113
2 10 8 8 1 87 3 0 0 0 0 6 0 0 0 9 84 121 15.4 93 131 15.0 96 134 13.1 100 108
3 10 10 10 1 96 2 0 0 0 0 6 16 0 0 24 90 133 140 14.7 102 131 149 14.1 106 135 153 11.7 110 117 134
4 10 7 7 1 90 0 0 1 0 0 0 4 0 0 5 86 124 133 15.6 96 131 142 15.2 100 129 148 12.7 111 118 138
5 10 4 4 1 95 0 0 0 0 0 0 4 0 0 4 88 137 138 12.8 99 152 142 12.2 108 145 159 10.3 116 124 144
6 10 1 1 1 86 0 0 0 0 0 0 0 0 0 0 84 145 135 10.4 95 166 154 10.1 101 118 147 9.5 105 126 119
7 10 6 6 1 91 0 0 4 0 0 0 16 0 0 20 84 154 150 15.2 97 158 161 14.6 102 122 148 12.1 108 126 128
8 10 9 9 1 90 0 0 3 8 0 6 28 0 0 45 84 141 141 15.7 96 146 161 15.2 102 124 154 12.6 106 123 132
9 10 2 2 1 95 0 0 0 0 6 6 8 0 0 20 88 146 136 10.0 100 152 152 9.8 101 121 144 9.3 103 130 124
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10 10 1 1 1 90 0 0 0 0 0 0 0 0 0 0 84 149 134 10.3 99 164 154 10.1 106 123 155 9.3 109 131 132
11 10 3 3 1 92 0 2 0 16 0 6 20 0 0 44 87 143 137 8.2 101 153 157 8.1 106 121 147 7.7 109 138 131
12 10 8 8 1 90 0 0 3 8 0 24 16 0 0 51 83 132 133 14.8 95 143 154 14.4 102 121 152 12.2 106 127 133
13 10 10 10 1 87 0 0 5 0 0 0 16 0 0 21 86 138 137 14.6 94 143 157 14.3 100 110 142 12.2 104 120 126
14 10 5 5 1 86 2 0 2 0 6 0 8 0 0 18 86 144 138 9.7 95 152 153 9.6 97 130 148 9.3 97 122 122
15 10 5 5 1 87 1 0 5 0 12 0 4 0 0 22 87 144 137 9.5 97 156 158 9.3 103 121 150 8.8 105 133 127
16 10 11 11 1 91 1 0 7 0 12 0 20 0 0 40 81 135 139 15.1 95 144 156 14.7 99 126 147 12.6 106 126 133
17 1011 11 1 91 1 0 8 0 12 0 0 0 0 21 86 139 143 15.2 96 143 163 14.9 100 124 151 12.7 104 120 131

1 111 0 10 4 91 2 0 0 0 12 36 16 0 0 66 89 118 158 15.2 103 118 175 14.2 110 154 161 11.2 112 114 156
2 11 5 5 4 97 2 0 1 0 12 12 8 0 0 35 90 113 150 12.4 108 119 172 9.1 117 150 155 8.8 118 121 153
3 11 8 8 4 93 1 0 1 0 6 24 16 0 0 48 89 113 152 13.9 99 105 158 13.6 106 140 153 12.2 108 111 153
4 11 3 3 4 99 1 0 0 0 0 12 0 0 0 13 92 110 169 8.5 108 118 189 8.1 117 150 160 7.6 118 121 157
5 11 7 7 4 97 2 0 0 0 24 96 28 6 0 156 90 109 165 11.2 102 116 184 14.5 105 143 152 10.1 106 111 151
6 11 4 4 4 95 1 0 1 0 36 54 8 0 32 132 89 111 162 12.5 105 121 173 12.7 124 146 159 10.3 114 118 152
7 11 1 1 4 85 0 0 1 0 12 36 8 0 0 57 &: 110 145 10.4 104 117 167 10.2 Ill 137 150 9.7 110 111 138
8 11 6 6 4 91 2 0 4 0 0 66 40 0 0 112 85 109 154 15.1 95 114 170 14.3 103 141 147 13.1 105 104 135
9 11 9 9 4 91 1 0 3 0 6 66 12 0 64 152 94 113 155 15.1 107 114 168 14.0 112 150 160 10.1

10 11 2 2 4 94 1 0 3 0 0 96 24 12 32 168 86 105 159 10.0 106 114 167 9.9 110 117 144 9.5 110 112 145
11 11 1 1 4 90 2 0 0 0 0 30 0 0 0 32 90 112 154 10.2 110 124 168 10.1 117 146 158 9.2 118 119 152
12 11 5 10 5 10 4 95 2 0 0 0 24 6D 20 0 0 106 95 111 159 12.0 108 116 169 11.8 112 150 155 10.6 114 114 149
13 11 5 5 4 90 2 0 0 0 6 24 4 0 0 36 83 101 149 9.3 106 112 162 9.1 114 143 156 8.7 115 119 147
14 11 10 10 4 94 2 0 0 0 0 36 4 0 0 42 89 108 156 12.2 105 115 170 14.0 109 146 158 11.5 112 111 152
15 11 3 3 4 86 2 0 0 0 0 24 0 0 0 26 86 105 145 8.3 105 112 162 8.2 111 127 149 8.2 112 112 141
16 11 5 5 487 1019 0 0 78 36 24 0 158 90 107 148 9.1 108 113 159 9.1 111 130 144 8.6 109 110 136
17 111 0 10 4 87 2 0 2 0 30 42 20 6 0 102 82 107 144 14.9 99 110 162 105 143 150 12.7 107 106 142
18 11 6 6 4 87 1 0 0 0 0 72 28 12 0 113 82 111 148 15.9 98 109 162 15.5 105 142 155 13.1 107 110 150
19 11 2 2 4 90 1 0 1 0 24 66 32 12 0 136 8 I 152 10.6 105 115 169 10.5 113 141 153 9.7 114 116 149

1 12 10 10 1 95 0 0 4 32 0 0 0 0 0 36 94 14.7 108 113 14.4 115 133 12.4 116 120
2 12 5 5 1 96 0 0 0 0 0 0 0 0 0 0 96 108 9.4 107 109 9.3 109 111 9.1 108 110
3 12 8 8 1 94 0 4 1 24 0 0 0 0 0 29 90 107 14.7 104 109 14.5 113 130 13.0 112 117
4 1Z 3 3 1 97 0 0 1 0 0 0 0 0 0 1 98 112 8.5 108 112 8.3 113 120 8.2 115 116
5 12 7 7 1 96 0 0 5 32 0 24 0 0 0 61 91 106 15.3 108 112 14.9 110 122 12.8 113 117
6 12 4 4 1 96 0 0 0 16 0 0 0 0 0 16 91 104 12.7 106 108 12.6
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1 13 1 1 1 850 0 0 0 0 0 0 0 0 0 110 115 10.1 119 124 9.5 108 123 10.3 119 128
2 13 6 6 1 90 00 0 0 0 0 0 0 0 0 12.8 12.7 108 132 11.9 123 132

3 13 9 9 1 94 0 8 0 8 0 0 0 0 0 16 100 111 13.1 116 120 13.3 108 130 11.1 119 130
4 13 1 1 1 90 0 0 0 0 0 0 0 0 0 0 116 122 10.8 129 135 9.2 116 143 9.5 127 138

5 13 2 2 1 91 0 0 0 0 0 0 0 0 0 0 111 116 9.8 125 128 9.5 113 130 9.2 123 132 - -

6 13 3 3 1 9600 0 0 0 0 0 0 0 0 111 118 8.4 126 130 8.7 115 139 8.2 126 134

7 13 5 5 1 90 0 0 0 0 0 0 0 0 0 0 110 115 10.1 122 125 9.1 111 138 8.6 120 130
8 13 8 8 1 94 0 0 0 0 0 0 0 0 0 0 102 114 14.3 113 120 12.3 110 132 11.0 120 133
9 13 7 7 1 94 0 0 0 0 0 0 0 0 0 0 102 116 14.7 120 124 12.9 109 141 10.9 120 133

10 13 4 4 1 87 0 0 0 0 0 0 0 0 0 0 110 120 11.9 124 128 9.9 107 130 9.6 120 129
11 13 10 10 1 87 0 0 0 0 0 0 0 0 0 0 99 112 15.0 116 120 13.2 108 138 12.0 116 130
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N E 1 2 1 2RP TT H L N E E E L D 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4

1 1 5 5 4 74 00 0 0 0 0 0 0 0 0 75 84 89 9.1 93 97 141 9.0 97 100 129 8.8 98 103 104
2 1 6 6 4 79 1 2 0 16 0 78 0 0 0 97 78 97 135 15.8 92 108 166 15.1 108 133 150 12.7 114 119 128
3 1 8 8 4 75 2 0 0 0 18 66 12 0 0 98 75 93 153 15.2 95 103 163 14.7 101 110 144 13.2 106 104 112
4 1 10 10 4 79 0 0 0 0 18 84 16 0 32 150 78 92 136 15.1 93 96 172 92 113 140 96 102 116
5 1 9 9 4 580 0 1 0 18 42 0 0 0 61 63 84 113 16.4 79 91 140 16.1 90 112 136 98 98 105
6 1 7 7 4 79 0 1 4 16 12 174 0 0 0 27 89 113 141 16.0 99 113 183 15.2 108 135 152 11.6 115 116 126
7 1 6 6 4 75 0 0 21 8 36 138 8 0 0 211 78 100 91 15.7 96 102 164 15.3 105 126 150 13.4 110 111 118
8 1 1 1 4 69 0 0 1 0 0 6 0 0 0 7 77 104 122 10.7 102 101 160 10.6 104 116 143 10.0 104 110 113

1 2 6 6 2 74 0 0 0 0 0 0 0 0 0 0 76 85 15.5 88 90 15.8 95 120 14.5
2 2 8 8 2 74 0 0 1 0 0 0 0 0 0 1 78 81 14.7 87 89 14.8 98 128 14.2 98 98
3 2 10 10 2 78 0 0 0 0 0 0 0 0 0 0 78 81 15.1 86 88 14.9 91 105 14.3 92 93
4 2 9 9 2 83 0 0 0 8 0 0 0 0 0 8 79 81 15.4 98 97 15.6 99 128 14.0 97 99
5 2 7 7 2 74 1 0 2 0 0 0 0 0 0 3 103 83 16.1 112 117 15.8 110 127 15.4 118 99

1 3 8 8 3 74 0 0 3 16 0 30 0 0 0 49 68 95 148 15.4 79 116 159 15.0 82 110 142 14.4 84 99 123
2 3 10 10 3 81 00 2 16 0 12 0 0 64 94 77 104 151 15.6 96 135 171 14.7 98 116 155 13.4 96 113 128
3 3 9 9 36300 524 0 3 0 0 32 97 6911414516.6 51231 4215.4 9313314813.6 93105128
4 3 6 6 3 71 0 0 22 24 18 48 0 0 64 176 73 114 156 16.0 89 132 150 15.2 94 129 150 13.4 97 104 134
5 3 1 1 3 68 0 0 0 0 0 18 0 0 0 18 68 115 147 10.8 81 122 143 10.4 86 118 144 10.2 88 97 117
6 3 1 6 1 6 3 74 0 0 6 0 0 6 16 0 96 124 77 123 147 14.4 92 131 159 12.5 95 128 153 11.8 96 107 143

1 4 5 5 2 74 0 0 0 0 0 0 0 0 0 0 90 186 106 9.2 103 221 134 9.1 88 149 133 8.9 95 124 91
2 4 6 6 2 79 0 0 4 0 36 12 0 0 0 52 87 208 127 15.7 91 191 135 15.5 91 148 145 14.2
3 4 8 8 2 76 0 0 1 0 12 0 8 0 0 21 101 165 114 15.5 101 165 114 14.7 88 138 125 14.5 96 128 93
4 4 10 10 2 79 0 0 1 0 12 6 0 0 64 83 80 167 109 15.3 83 192 128 14.8 81 139 125 14.4
5 4 9 9 2 58 0 0 2 0 36 0 0 0 0 38 70 98 16.5 68 90 119 16.4 65 150 133 15.9 83 129 81
6 4 7 7 2 79 1 0 13 0 186 0 0 0 0 200 77 210 121 16.0 83 156 132 15.7 86 164 144 14.1 105 164 106 -

7 4 6 6 27100 2 0 30 0 0 0 0 32 76203 11116.0 8718012215.7 9314814013.7 95139 94
8 4 1 1 2 66 0 0 0 0 24 0 0 0 0 24 70 191 90 10.8 84 190 107 10.7 91 132 137 10.4 89 124,87
9 4 1 6 1 6 2 74 0 0 0 0 84 0 0 0 0 84 80 211 112 12.9 90 173 120 12.5 96 145 143 12.9 94 141 96
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1 5 6 6 4 750 0 0 0 0 0 0 0 0 0 76 93 15.7 90 105 15.4 96 126 13.6 98 105
2 5 8 8 4 77 00 0 0 0 0 0 0 0 0 76 92 14.9 92 107 14.0 97 120 14.0 98 103
3 5 10 10 4 760 0 0 0 0 6 4 0 0 10 76 91 15.0 84 102 14.9 87 104 13.8 90 96
4 5 9 9 4 83 0 0 0 0 0 6 0 0 0 6 76 93 16.3 89 108 15.3 94 112 12.8 97 102
5 5 7 7 4 74 0 0 1 0 0 18 0 0 0 19 80 95 16.0 90 105 15.1 98 131 12.7 100 104

1 6 5 5 3 780 0 0 0 0 0 0 0 0 0 81 96 9.1 96 110 9.1 100 134 8.9
2 6 6 6 3 77 00 6 8 0 6 8 0 0 28 82 96 15.7 97 108 15.3 101 135 12.9 104 108
3 6 8 8 374 00 4 8 0 0 0 0 0 12 79 93 15.3 91 103 14.9 95 116 13.6 95 99
4 6 10 10 3 7900 1 0 0 0 0 0 0 1 75 88 15.1 90 101 14.7 92 106 92 97
5 6 9 9 3 58 0 0 1 0 0 0 0 0 1 66 79 16.4 78 90 16.2 86 125 15.3 89 94
6 6 7 7 3 79 0 0 9 0 0 0 0 0 0 9 80 94 16.0 98 107 15.4 102 129 13.3 104 108
7 6 6 6 3 75 0 0 9 0 0 0 0 0 0 9 15.9 96 107 15.2 88 108 13.2 92 96
8 6 1 1 3 71 0 0 4 0 0 0 0 0 0 4 10.7 91 104 10.5 100 130 10.2 97 102

1 7 8 8 2 74 0 0 0 8 0 12 0 0 0 20 68 72 113 76 81 139 83 97 128 14.9 84 85
2 7 10 10 2 81 0 0 0 0 0 0 0 0 0 0 78 94 137 15.3 91 101 140 15.0 95 113 136 14.6 94 100
3 7 9 9 26200 2 0 6 0 0 0 0 8 66 8612516.3 78 9413715.7 9312613315.2 92 96107
4 7 6 6 2 7500 0 8 24 0 0 0 0 32 76 101 128 15.9 86 99 129 15.5 94 124 137 14.1 94 97 108
5 7 1 1 2 71 0 0 0 0 18 0 0 0 0 18 71 78 122 10.9 87 89 144 10.6 85 119 138 10.2 86 89 102

1 8 5 5 1 74 0 016 0 0 0 0 0 0 16 78 112 9.2 93 113 9.1 98 134 9.0 99 111
2 8 6 6 1 77 00 2 0 0 6 0 0 0 8 15.4 96 118 15.1 103 148 13.2 105 118
3 8 8 8 1 7500 3 0 6 6 0 0 0 15 78 108 15.4 90 111 15.1 95 129 14.0 96 109
4 8 10 10 1 76 0 0 12 0 0 0 0 0 0 12 81 120 15.2 91 116 14.8 90 134 14.2 92 110
5 8 9 9 1 83 0 0 4 0 0 0 4 0 0 8 85 125 16.2 98 120 15.6 96 145 13.9 98 115
6 8 7 7 1 79 0 0 2 8 0 42 4 0 0 56 85 128 15.9 100 125 15.3 107 155 13.2 108 123

1 9 6 6 3 74 0 012 0 6 84 8 0 0 110 75 81 15.6 81 101 15.6 93 111 14.1 95 102
9 8 8 3 76 0 0 7 0 0 18 0 0 0 25 76 80 15.0 85 99 14.8 90 97 14.3 87 96

3 9 10 10 3 83 0 0 7 0 0 18 0 0 0 25 79 83 15.8 84 99 15.2 91 103 14.0 92 99
4 9 7 7 3 76 0 0 12 0 0 12 0 0 0 24 76 82 16.0 87 101 15.8 102 120 14.2 102 107
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SiM Y OF VOLATILITY RUNS- IN EDIAlE TE PERAME

W4 i DRIVII DEN

SC C C C

H U A U A U A CA
I E N R N R N R N R
N S B D B D B D B D B

V TR I S A E U E U E U E U
E I I R RD E T T C R R R R R R R R
H F F F FR SS R S A U S K S T H E T H E T H E T H E
IUUUUIT TT O T T M U F T A 0 T R A O T R A 0 T R A O T

R CE EEE VE A AIUA I BR I A T N 0 0 V N 0 0 V N 0 0V N 0 0
U L L L L LEM RR G L O L G R L W K D R P K D R P K D R P K D R
N E i 2 1 2RP TT H L N E E E L D 1 1 1 1 2 2 2 2 3 3 3 3 4 4 4

1 10 6 6 1 74 1 0 0 8 0 0 0 0 0 9 80 118 12.8 85 130 14.1 87 126 13.8 89 115
2 10 8 8 1 77 2 0 3 0 6 0 8 0 0 19 75 114 15.4 81 118 15.3 89 112 13.9 90 102

S3 10 10 10 1 83 1 0 0 8 0 0 4 0 0 13 76 115 15.3 87 116 14.9 84 135 14.5 87 109
4 10 9 9 1 59 0 0 0 16 0 0 12 0 0 28 63 108 108 16.5 69 119 114 16.3 73 123 138 16.0 75 108 17
5 10 7 7 1 74 0 0 0 0 0 6 24 0 0 30 78 119 123 16.3 89 127 134 16.1 90 130 145 15.0 93 103 121
6 10 1 1 1 71 0 0 0 0 0 0 4 0 0 4 73 125 126 10.5 84 154 131 11.0 81 110 142 10.2 92 112 104
7 10 6 6 1 71 0 0 0 8 0 0 8 0 0 16 75 117 118 16.0 82 128 133 15.7 81 123 142 14.6 93 99 121

1 11 8 8 4 74 1 0 0 0 36 42 12 0 0 91 68 77 127 15.3 78 89 153 15.2 80 115 127 15.3 81 89 129
2 11 10 10 4 83 1 0 0 0 0 36 4 0 0 41 80 93 150 15.3 90 100 170 15.3 92 126 142 14.7 93 97 144
311 9 9 46220 0 0 42 6612 0 32154 69 8912516.1 78 9314915.9 8512813415.4 87 90128
4 11 1 1 46900 2 0 48 78 4 0 0132 68 82 130 11.6 80 92 153 11.5 8611012811.3 87 88 116
5 11 1 6 1 6 4 72 1 0 1 0 12 54 20 6 0 94 82 101 144 93 109 156 13.0 98 127 141 12.5 99 100 129
6 11 6 6 4 71 2 0 1 0 6 96 12 0 0 117 75 90 135 16.0 87 101 150 15.9 93 124 134 14.8 93 96 131

1 13 8 8 1 76 0 0 0 0 0 0 0 0 0 0 93 97 14.7 98 102 14.2 83 105 14.2 95 104
2 13 10 10 1 79 0 0 0 0 0 0 0 0 0 0 95 100 14.8 102 106 13.2 102 107 13.4 102 110
3 13 9 9 1 61 00 1 0 0 0 0 0 0 1 93 101 15.1 106 110 13.8 91 131 13.2 104 114
4 13 6 6 1 75 0 0 0 24 0 0 4 0 0 28 100 107 15.7 110 116 14.9 94 123 13.1 109 118
5 13 1 1 1 69 0 0 0 8 0 0 0 0 0 8 11.3 111 116 11.4 87 122 11.3 106 113
6 13 1 6 1 6 174 0 0 0 8 0 0 0 0 0 *8 105 108 12.1 113 118 11.5 98 122 11.8 114 120
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APPENDIX G

* Temerature Effect (Regression Only)

Data Set: Four Fuels at Both Temerature Levels
Class 1H;iel Carl
Model SRIND=TemperAture Fuel Car TemperA ture*Car

i-uel*Car / Solution;

Fuel System Effects

Data Sets: All High Temperature Data. or Fouir Fuiels at Medium
Temperpture

Class iFuel System Car;
Model SRIVD=Fuel System Car(System) Ftuel*Sys;tem Ftiel*Car(System)l
Contrast MI- Carh-' System -1 1 0;
Contrast 'TB1 - CArhW System -1 0 1 ;
Contrast 'IT61 - PAPI' Svstem 0 -1 1;
Lsmeans bystem / Stdprr;

*Fuel Comparisons

Data Sets: All High, Temperature Data, or Foour Fuels at Medium
Tern pe ra tu re

Class Fuel Car;
lMndel SRIND=Fuiel Car Fuepl*Ca-r;
Contrast 'Menh Ad.) - Low Bare' -1 1 0 0 0 0 0 0 0 0; for examnple
Other contrast statemients As needed.
ILsmeans Fuel / Stderro

Volatility Level

Data Sets All Hiqh Temrnerature Data
Class Vlatilitly Fuel Cars
Model SR7WD=Vmletillty Fuel(Vnlptility) Car Volntility*Car

Fue~l (Volati l tv )*Car1
Test H=Vnlatility F=Volatiltty*Carl
Lsneans Volatility / Stderr;

Volatil itv Ad~ustment

Data Sets: All High Temnperature Data, or Faijr Fuels at Medium
Tern.era tire3s

Class Adjust Fuel Ca r;
Model SRThr)=Adjiist Fuiel (Adjust) Car Adjust*Car Fujel (Adjujst )*Ca rl
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Test H=Aajtist E=Adjtist*Car;
Lsmeans Adjust / Stdorri

Alcohol Effects

DLata Sets' All Hiah Temiperituirp Data, or Four Fuels at Medium"
Tpreratijrf~

Class- Alcohol Fuel CArl
Mondel SRTWJf=Alcnhnl Fuel(Alcohl) Car Alcmheol*CaQr Fiiel(Alcnhnl)*CArI
Test Hi=Alcoheol =Alcohot*Car,
Lsmeans Alcohol / StderrI

Notes - All hujt the first two alyses listed atove were done for each
fuel delivery system as well as for the overall 12-vehicle fleet.
The I"Lsnmeans" statements were not actuallv used, but thew are the
best method for obtAlninq qverAqes for ,;ithqrourpinq.- of the dAta.
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CMS FI 12 DISK SAS LISTING T;
CMS FILEDEF ALL DISK CRC1985 DATA A;
OPTIONS MACROGEN;
TITLE1 '1985 CRC HOl START AND DRIVEAWAY TEST PROGRAM';
DATA ALL; COMMENT - EST. 45 TWO FOR FUEL9 IN CAR9 AT MEDIUM TEMP.;
INFILE ALL;

LENGTH TEMPLEV $ 6 SYSTEM $ 4 VOL $ 6 ALCOHOL $ 4 ADJUST $ 6;
INPUT DRIVER CAR RUN FUEL RVP TVL20 TEMP TEMPLEV $ TWD;
SRTWD=TWD**O.5; IF CARx12 THEN DELETE;
SYSTEM-'CARB'; IF CAR-2 OR CAR-8 OR CARs9 THEN SYSTEM-'TBI';
IF CAR-5 OR CAR=6 OR CAR-13 THEN SYSTEM-'PFI';
VOL='MEDIUM'; IF FUEL LT 6 THEN VOLu'LOW';
ALCOHOLu'OXY'; IF FUEL-i OR FUEL-6 THEN ALCOHOL-'BASE';
IF FUEL.4 OR FUEL-5 OR FUEL=9 OR FUEL=lO THEN ALCOHOL-'ETOH';
ADJUST-'MATCH'; IF FUEL-I OR FUELu6 THEN ADJUSTo'BASE';
IF FUEL-3 OR FUEL-5 OR FUEL=8 OR FUEL=IO THEN ADJUST-'SPLASH';

CARDS;
DATA HOT; SET ALL; IF TEMPLEV-HIGH'; IF FUEL LT 11;
DATA HOT4; SET HOT; IF FUEL-6 OR FUEL-8 OR FUEL-9 OR FUEL-10;
DATA MED; SET ALL; IF TEMPLEV-'MEDIUM'; IF FUEL LT 11;
DATA MED4; SET NED; IF FUEL-6 OR FUEL-8 OR FUEL-9 OR FUEL-iD;
DATA BOTH4; SET HOT4 ME4;
PROC SORT DATA-HOT; BY SYSTEM;
PROC SORT DATA-MED4; BY SYSTEM;
MACRO ANALI COMMENT - THIS EVALUATES TEMPERATURE LEVEL.;
PROC SORT DATA-BOTH4; BY SYSTEM;
PROC GLM DATAuBOTH4;
TITLE2 'EVALUATING TEMPERATURE LEVEL';
CLASS FUEL TEMPLEV CAR;
MODEL SRTWD-FUEL TEMPLEV CAR FUEL*TEMPLEV FUEL*CAR TEMPLEV*CAR;
TEST H-TEMPLEV E-TEMPLEV*CAR; TEST H-FUEL E-FUEL*CAR;
CONTRAST 'HIGH VS MEDIUM' TEMPLEV 1 -1 / E-TEMPLEV*CAR;

PROC GLM DATA-BOTH4; BY SYSTEM;
CLASS FUEL TEMPLEV CAR;
MODEL SRTWD-FUEL TEMPLEV CAR FUEL*TEMPLEV FUEL*CAR TEMPLEV*CAR;
TEST H-TEMPLEV E-TEMPLEV*CAR; TEST H-FUEL E-FUEL*CAR;
CONTRAST 'HIGH VS MEDIUM' TEMPLEV 1 -1 / E-TEMPLEV*CAR;

MACRO ANAL2 COMMENT - THIS EVALUATES TEMPERATURE EFFECTS.;
PROC GLM DATAwBOTH4;

TITLE2 'EVALUATING TEMPERATURE EFFECTS';
CLASS FUEL CAR;
MODEL TWD-TEMP FUEL CAR TEMP*FUEL TEMP*CAR FUEL*CAR / SOLUTION;

MACRO ANAL3 COMMENT - THIS COMPARES FUEL SYSTEMS.;
PROC GLM DATA-HOT;

TITLE2 'EVALUATING FUEL SYSTEMS';
TITLE3 'HIGH TEMPERATURE DATA';
CLASS FUEL SYSTEM CAR;
MODEL SRTWD-FUEL SYSTEM CAR(SYSTEM) FUEL*SYSTEM FUEL*CAR(SYSTEM);
TEST H-FUEL E-FUEL*CAR(SYSTEM); TEST H-SYSTEM EmCAR(SYSTEM);
LSMEANS SYSTEM I STOERR;
CONTRAST 'PFI - CARB' SYSTEM -1 1 0 / EzCAR(SYSTEM);
CONTRAST 'TBI - CARB' SYSTEM -1 0 1 / EmCAR(SYSTEM);
CONTRAST 'TBI - PFI' SYSTEM 0 -1 1 / E-CAR(SYSTEM);
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PROC GLM DATA-NED4;
TITLE3 'MEDIUM TEMPERATURE DATA';
CLASS FUEL SYSTEM CAR;
MODEL SRTWO=FUEL SYSTEM CAR(SYSTEM) FUEL*SYSTEM FUEL*CAR(SYSTEM);
TEST H=FUEL E-FUEL*CAR(SYSTEM); TEST H-SYSTEM E=CAR(SYSTEM);

* LSMEANS SYSTEM / STDERR;
CONTRAST 'PFI - CARB' SYSTEM -1 1 0 / E=CAR(SYSTEM);
CONrRAST 'TBI - CARB' SYSTEM -1 0 1 E=CAR(SYSTEM);
CONTRAST 'TBI - PFI' SYSTEM 0 -1 1 / E-CAR(SYSTEM);

* MACRO ANAL4 COMMENT - THIS MAKES TWO-FUEL COMPARISONS.;
PROC GLM DATA-HOT;

TITLE? 'FUEL COMPARISONS';
TITLE3 'HIGH TEMPERATURE DATA';
CLASS FUEL CAR;
MODEL SRTWD-FUEL CAR FUEL*CAR;
TEST H.FUEL E=FUEL*CAR;
CONTRAST 'MEON MAT - LOW BASE' FUEL -1 1 0 0 0 0 0 0 00 / E.FUEL*CAR;
CONTRAST 'NEON SPL - LOW BASE' FUEL -1 0 1 0 0 0 0 0 0 0/ EFUEL*CAR;
CONTRAST 'ETON MAT - LOW BASE' FUEL -1 0 0 1 0 0 0 0 00 / E-FUEL*CAR;
CONTRAST 'ETON SPL - LOW BASE' FUEL -1 0 0 0 1 0 0 0 0 0 / E-FUEL*CAR;
CONTRAST 'MEOH MAT - NED BASE' FUEL 0 0 0 0 0 -11 0 0 0/ E-FUEL*CAR;
CONTRAST 'MEON SPL - MED BASE' FUEL 0 0 0 0 0 -1 0 1 00 / E-FUEL*CAR;
CONTRAST 'ETON MAT - MED BASE' FUEL 0 0 0 0 0 -1 0 010 I E-FUEL*CAR;
CONTRAST 'ETON SPL - MED BASE' FUEL 0 0 0 0 0 -1 0 0 0 1/ EFUEL*CAR; --

CONTRAST 'ETON SP - NEON LOW' FUEL 0 0 -1 0 1 0 0 0 0 0 I E-FUEL*CAR;
CONTRAST 'ETON MAT - MEOH LOW' FUEL 0 -1 0 1 0 0 0 0 0 0 1 E=FUEL*CAR;
CONTRAST 'ETON SP - MEOH MED' FUEL 0 0 0 0 0 0 0 -1 0 1 / E-FUEL*CAR;
CONTRAST 'ETON MAT - MEON NED' FUEL 0 0 0 0 0 0 -1 0 1 0 / E-FUEL*CAR;

CONTRAST 'MEOH SP - MAT LOW' FUEL 0 -1 1 0 0 0 0 0 0 0 E-FUEL*CAR;
CONTRAST 'ETON SP - MAT LOW' FUEL 0 0 0 -1 1 0 0 0 0 0/ EFUEL*CAR;
CONTRAST 'MEON SP - MAT MED' FUEL 0 0 0 0 0 0 -1 1 00 EFUEL*CAR;
CONTRAST 'ETON SP - MAT NED' FUEL 0 0 0 0 0 0 0 0 -1 1 I E-FUEL*CAR;
LSMEANS FUEL / STDERR;

PROC GLM DATA-HOT; BY SYSTEM;
TITLE2 'FUEL COMPARISONS USING THE SQUARE ROOT OF TWD';
TITLE3 'HIGH TEMPERATURE DATA';
CLASS FUEL CAR;
MODEL SRTWD=FUEL CAR FUEL*CAR;
TEST H-FUEL E-FUEL*CAR;
CONTRAST 'NEON MAT - LOW BASE' FUEL -1 1 0 0 0 0 0 0 0 0 / E-FUEL*CAR;
CONTRAST 'NEON SPL - LOW BASE' FUEL -1 0 1 0 0 0 0 0 0 0 1 E-FUEL*CAR;
CONTRAST 'ETON MAT - LOW BASE' FUEL -1 0 0 0 0 0 0 00 / E=FUEL*CAR;
CONTRAST 'ETON SPL - LOW BASE' FUEL -1 0 0 0 1 0 0 0 0 0 / E-FUEL*CAR;
CONTRAST 'NEON MAT - MED BASE' FUEL 0 0 0 0 0 -1 1 0 0 0 IEFUEL*CAR;
CONTRAST 'NEON SPL - NED BASE' FUEL 0 0 0 0 0 -1 0 1 0 0 / E-FUEL*CAR;
CONTRAST 'ETON MAT - MED BASE' FUEL 0 0 0 0 0 -1 0 0 1 / E-FUEL*CAR;
CONTRAST 'ETON SPT - MED BASE' FUEL 0 0 0 0 0 -1 0 0 0 1/ EFUEL*CAR;

CONTRAST 'ETON SP - NEON LOW' FUEL 0 0 -1 0 1 0 0 0 0I E-FUEL*CAR;
CONTRAST 'ETON MAT - NEON LOW' FUEL 0 -1 0 1 0 0 0 0 0 0 /E-FUEL*CAR;
CONTRAST 'ETON SP - NEON NED' FUEL 0 0 0 0 0 0 0 -1 0 1 / E-FUEL*CAR;
CONTRAST 'ETON MAT -NEON NED' FUEL 0 0 0 0 0 0 -1 0 1 0 / E=FUEL*CAR;
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CONTRAST 'NEON SP - MAT LOW' FUEL 0 -1 1 0 0 0 0 0 0 0/ E-FUEL*CAR;
CONTRAST 'ETON SP - MAT LOW' FUEL 0 0 0 -1 1 0 0 0 0 0 / E-FUEL*CAR;
CONTRAST 'NEON SP - MAT NED' FUEL 0 0 0 0 0 0 -1 1 0 0/ E-FUEL*CAR;
CONTRAST 'ETOH SP - MAT NED' FUEL 0 0 0 0 0 0 0 0 -1 1 / E-FUEL*CAR;
LSMEANS FUEL / STDERR;

PROC GLM DATA=MED4;
TITLE3 'MEDIUM TEMPERATURE DATA';
CLASS FUEL CAR;
MODEL SRTWOaFUEL CAR FUEL*CAR;
TEST HuFUEL EuFUEL*CAR;
CONTRAST 'NEON SPL - NED BASE' FUEL -1 1 0 0 / E-FUEL*CAR;
CONTRAST 'ETON MAT - NED BASE' FUEL -1 0 1 0 / E-FUEL*CAR;
CONTRAST 'ETON SPL - NED BASE' FUEL -1 0 0 1 / E-FUEL*CAR;
CONTRAST 'ETON SPL - ETON MAT' FUEL 0 0 -1 1 / E-FUEL*CAR;
LSMEANS FUEL I STDERR;

PROC GLM DATAwMED4; BY SYSTEM;
TITLE2 'FUEL COMPARISONS USING THE SQUAREROOT OF TWO';
TITLE3 'MEDIUM TEMPERATURE DATA';
CLASS FUEL CAR;
MODEL SRTWD.FUEL CAR FUEL*CAR;
TEST HIFUEL E-FUEL*CAR;
CONTRAST 'NEON SPL - MED BASE' FUEL -1 1 0 0 / EnFUEL*CAR;
CONTRAST 'ETOH MAT - NED BASE' FUEL -1 0 1 0 I EwFUEL*CAR;
CONTRAST 'ETON SPL - MED BASE' FUEL -1 0 0 1 I E-FUEL*CAR;
CONTRAST 'ETON SPL - ETON MAT' FUEL 0 0 -1 1 / E-FUEL*CAR;
LSMEANS FUEL / STDERR;

MACRO ANAL5 COMMENT - THIS EVALUATES VOLATILITY LEVEL.;
PROC GLM DATA-HOT;
TITLE2 'EVALUATING VOLATILITY LEVEL';
TITLE3 'HIGH TEMPERATURE DATA';
CLASS VOL FUEL CAR;
MODEL SRTWDVOL FUEL(VOL) CAR VOL*CAR CAR*FUEL(VOL);
TEST H=VOL ExVOL*CAR; TEST H-FUEL (VOL) EuCAR*FUEL(VOL);
CONTRAST 'MEDIUM - LOW' VOL -1 1 I E=VOL*CAR;
LSMEANS VOL / STDERR;

PROC GLM DATA-HOT; BY SYSTEM;
CLASS VOL FUEL CAR;
MODEL SRTWOIVOL FUEL(VOL) CAR VOL*CAR CAR*FUEL(VOL);
TEST H-VOL E-VOL*CAR; TEST HFUEL (VOL) E-CAR*FUEL(VOL);
CONTRAST 'MEDIUM - LOW' VOL -1 1 / E-VOL*CAR;
LSMEANS VOL / STOERR;

MACRO ANAL6 COMMENT - THIS EVALUATES TYPE OF VOLATILITY ADJUSTMENT.;
PROC GLM DATAwHOT;

TITLE 'EVALUATING TYPE OF VOLATILITY ADJUSTMENT';
TITLE3 'HIGH TEMPERATURE DATA';
CLASS ADJUST FUEL CAR;
MODEL SRTWD=ADJUST FUEL(ADJUST) CAR ADJUST*CAR CAR*FUEL(ADJUST);
TEST HmADJUST E-ADJUST*CAR; TEST H-FUEL(ADJUST) E-CAR*FUEL(ADJUST);
CONTRAST 'MATCH - NED BASE' ADJUST -1 1 0 / E=ADJUST*CAR;
CONTRAST 'SPLASH - NED BASE' ADJUST -1 0 1 I E=ADJUST*CAR;
CONTRAST 'SPLASH - MATCH' ADJUST 0 -1 1 / EmADJUST*CAR;
LSMEANS ADJUST / STDERR;
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PROC GIM DATA-HOT; BY SYSTEM;
CLASS ADJUST FUEL CAR;
MODEL SRTWDmADJUST FUEL(ADJUST) CAR ADJUST*CAR CAR*FUEL(ADJUST);
TEST H-ADJUST E=ADJUST*CAR; TEST H=FUEL(ADJUST) E=CAR*FUEL(ADJUST);
CONTRAST 'MATCH -MED BASE' ADJUST -1 1 0 /E-ADJUST*CAR;
CONTRAST 'SPLASH -MED BASE' ADJUST -1 0 1 I DJS*CR
CONTRAST 'SPLASH -MATCH' ADJUST 0 -1 1 IE=ADJUST*CAR;
LSMEANS ADJUST / STDERR;

PROC GLM DATAuMED4;
TITLE3 'MEDIUM TEMPERATURE DATA';
CLASS ADJUST FUEL CAR;
MODEL SRTWO*ADJUST FUEL(ADJUST) CAR ADJUST*CAR CAR*FUEL(ADJUST);
TEST H-ADJUST E-ADJUST*CAR; TEST H-FUEL(ADJUST) E-CAR*FUEL(ADJUST);
CONTRAST 'MATCH -MED BASE' ADJUST -1 1 0 IE-ADJUST*CAR;
CONTRAST 'SPLASH -MED BASE' ADJUST -1 0 1 IE-ADJUST*CAR;
CONTRAST 'SPLASH -MATCH' ADJUST 0 -1 1 / E.ADJUST*CAR;
LSMEANS ADJUST / STDERR;

PROC GLM DATA=MED4; BY SYSTEM;
CLASS ADJUST FUEL CAR;
MODEL SRTWDuADJUST FUEL(ADJUST) CAR ADJUST*CAR CAR*FUEL(ADJUST);
TEST H-ADJUST E-ADJUST*CAR; TEST H-FUEL(ADJUST) E-CAR*FUEL(ADJUST);
CONTRAST 'MATCH -MED BASE' ADJUST -1 1 0 IE-ADJUST*CAR;
CONTRAST 'SPLASH -MED BASE' ADJUST -1 0 1 /EuADJUST*CAR;
CONTRAST 'SPLASH -MATCH' ADJUST 0 -1 1 / E-ADJUST*CAR;
LSMEANS ADJUST / STDERR;

MACRO ANAL7 COMMENT - THIS EVALUATES TYPE OF ALCOHOL.;
PROC GLM DATA=HOT;

TITLE2 'EVALUATING TYPE OF ALCOHOL';
TITLE3 'HIGH TEMPERATURE DATA';
CLASS ALCOHOL FUEL CAR;
MODEL SRTWD.'ALCOHOL FUEL(ALCOHOL) CAR ALCOHOL*CAR CAR*FUEL(ALCOHOL);
TEST HuALCOHOL EuALCOHOL*CAR; TESTH=FUEL (ALCOHOL) E-CAR*FUEL(ALCOHOL);
CONTRAST 'ETHANOL -BASE' ALCOHOL -1 1 0 IEuALCOHOL*CAR;
CONTRAST 'OXINOL -BASE' ALCOHOL -1 0 1 /E=ALCOHOL*CAR;
CONTRAST 'OXINOL -ETHANOL' ALCOHOL 0 -1 1 / EwALCOHOL*CAR;
LSMEANS ALCOHOL ISTDERR;

PROC GIM DATA-HOT; BY SYSTEM;
CLASS ALCOHOL FUEL CAR;
MODEL SR1WO-ALCOHOL FUEL(ALCOHOL) CAR ALCOHOL*CAR CAR*FUEL(ALCOHOL);
TEST H-ALCOHOL E=ALCOHOL*CAR; TEST N-FUEL(ALCOHOL) E*CAR*FUEL(ALCOHOL);
CONTRAST 'ETHANOL -BASE' ALCOHOL -1 1 0 /ExALCOHOL*CAR;
CONTRAST 'OXINOL -BASE' ALCOHOL -1 0 1 IE-ALCOHOL*CAR;
CONTRAST 'OXINOL -ETHANOL' ALCOHOL 0 -1 1 / E-ALCOHOL*CAR;
ISMEANS ALCOHOL ISTDERR;

PROC GIM DATA-MED4;
TITLE3 'MEDIUM TEMPERATURE DATA';
CLASS ALCOHOL FUEL CAR;
MODEL SRTWO-ALCOHOL FUEL(ALCOHOL) CAR ALCOHOL*CAR CAR*FUEL(ALCOHOL);
TEST H-ALCOHOL ExALCOHOL*CAR; TEST H-FUEL(ALCOHOL) E-CAR*FUEL(ALCOHOL);
CONTRAST 'ETHANOL -BASE' ALCOHOL -1 1 0IEuALCOHOL*CAR;
CONTRAST 'OXINOL -BASE' ALCOHOL -1 0 1 IEwALCOHOL*CAR;
CONTRAST 'OXINOL -ETHANOL' ALCOHOL 0 -1 1 / E-ALCOHOL*CAR;
LSMEANS ALCOHOL ISTDERR;

PROC GLM DATA-MED4; BY SYSTEM;
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CLASS ALCOHOL FUEL CAR;
MODEL SRTWD-ALCOHOL FUEL(ALCOHOL) CAR ALCOHOL*CAR CAR*FUEL(ALCOHOL);
TEST H-ALCOHOL E-ALCOHOL*CAR; TEST H.FUEL(ALCOHOL) E=CAR*FUEL(ALCOHOL); _
CONTRAST 'ETHANOL - BASE' ALCOHOL -1 1 0 / E=ALCOHOL*CAR;
CONTRAST 'OXINOL - BASE' ALCOHOL -1 0 1 / E-ALCOHOL*CAR;
CONTRAST 'OXINOL - ETHANOL' ALCOHOL 0 -1 1 / E-ALCOHOL*CAR;
LSMEANS ALCOHOL / STDERR;

ANAL1
ANAL2
ANAL3
ANAL4
ANAL5
ANAL6
ANAL7
PROC SORT DATA-ALL; BY TEMPLEV FUEL SYSTEM CAR;.
PROC PRINT;
TITLE1 '1985 CRC HOT START AND DRIVEAWAY TEST PROGRAM';
TITLEZ 'ALL DATA SORTED BY TEMP BY FUEL BY SYSTEM BY CAR';
TITLE3 '
PROC MEANS NOPRINT DATA-ALL;
VAR TWD SRTWD;
BY TEMPLEV FUEL SYSTEM CAR;
OUTPUT OUT-AVE MEAN=TWDM SRTWOM;
TITLE2 'AVERAGE TWD FOR EACH CAR BY TEMP BY FUEL BY SYSTEM';
PROC PRINT DATA-AVE;
PROC SORT DATA=AVE; BY TEMPLEV FUEL SYSTEM;
PROC MEANS DATA=AVE; BY TEMPLEV FUEL SYSTEM;
VAR TWDM SRTWDM ;
TITLE2 'AVERAGE TWD BY TEMP BY FUEL BY SYSTEM';
PROC MEANS DATAuAVE; BY TEMPLEV FUEL
VAR TWDM SRTWDM;
TITLE2 'AVERAGE TWO FOR ALL CARS BY TEMP BY FUEL';
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